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PREFACE 



TWENTY-FIVE years ago the use of Electricity in Mining 
was chiefly confined to signalling and shot-firing ; twenty 
years ago the pioneers of electric lighting and electric power trans- 
mission had this wonderful agent already at work in a few mines 
in various parts of the world ; since then numerous improvements 
have greatly facilitated its adoption ; and to-day the use of 
electricity in and about mines has become so widespread — both 
for lighting and as a mode of transmitting power — that a demand 
has arisen for a text-book dealing especially with the subject in 
relation to its mining applications. 

So many are the subjects to be studied in the vocation of the 
mining engineer or colliery manager, that it is impossible within 
the limits of a treatise on Mining to deal adequately with such an 
important subject as Electricity; and, on the other hand, the 
many excellent books which deal solely with Electricity, having 
been written mainly for the electrical engineer, necessarily deal 
with problems of construction, urban lighting, and distribution, 
outside the ordinary requirements of the mining engineer. 

The aim of the authors of the present volume has been to 
present to the reader the leading truths and main principles of 
electricity and electrical engineering without going into great 
detail, their intention being that he should have recourse for 
further information on the theory and practice of the subjects 
of Electrical and Mining Engineering to some of the many 
standard works already in existence. They are unable (it need 
hardly' be said) in the space at their disposal to deal with all 
the varieties of machines and appliances now in use, typical 
examples of good practice being considered sufficient for the 
present purpose. 



iv ELECTRICITY AS APPLIED TO MINING 

In a book of this nature, with its * electrical * side and its 
' mining ' side, joint authorship is, if not absolutely essential, at 
least advantageous, for the electrical engineer and the mining 
engineer must work hand in hand if success in electrical opera- 
tions is to be achieved. 

The authors desire to thank the numerous friends and manu- 
facturing firms who have so courteously supplied them with 
information, the loan of blocks, &c. Wherever possible, such 
assistance is acknowledged specifically in the text. 

In conclusion, the authors may express the hope that the 
work will be found of practical service to those mining engineers, 
colliery managers, or others, who have already adopted or are 
contemplating the use of electricity for power or lighting ; and 
they trust that those who use the book will kindly give them the 
advantage of any corrections, additions, or suggestions, with a 
view to making the book of more value to the class for whom 
it is intended. 

Leeds : November 1902. 



NOTE TO SECOND EDITION. 

The rapid development of the applications of electricity makes it 
essential to keep abreast of improvements, and the opportunity 
afforded by a new edition has enabled the authors of this book to 
thoroughly revise the work and make important additions and 
alterations. 

The appointment by the Home Office of a Departmental 
Committee to consider the subject of Electricity as used in Mines, 
and the establishment of Rules with a view to the safe working of 
Electrical Mining Plant, are important steps, the outcome and 
application whereof will be watched with much interest. It is 
satisfactory to note that the official rules now in force embody the 
principles and practice already applied and observed in many 
mines where electrical plants have been laid down. 

The authors are indebted to Mr. F. E. Armstrong, M.Sc, for 
the help and many valuable suggestions which he has given them 
in connection with this new edition, more especially with regard 
to the Performance of Electric Motors and Dynamos. 

Leeds : November 1905. 
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AS APPLIED TO MINING 



CHAPTER I 

INTRODUCTORY 

Introduction to the Subject of Electricity — The Electric Current— The Electric Circuit— 
Electric Terms— Volt, Watt, Ampere, &c.— Chemical Production of Electricity — 
Primary and Secondary Cells. 

Up to about the early seventies of the past century, little or no use, 
as a means of lighting and transmission of power, had been made of 
the subtle agent which we are pleased to term * electricity.' Prior to that 
period, however, the scientific world had been laying down the funda- 
mental principles which were to underlie, and play such an important part 
in, the development of the electrical engineering industry of to-day. Since 
then the possibilities of electricity have been realised, bringing a multi- 
tude of workers into the field of invention, with the result that we are at 
the present moment accustomed to see electricity employed for nearly all 
the purposes that earlier agents, such as steam, horses, &c., had been 
used for. 

Before dilaiing on the applications of electricity for mining purposes, 
it will be necessary to consider in sufficient detail the nature, properties, 
method of measuring, and dealing with this agent. 

The question which is uppermost in the minds of many, and which 
may naturally be asked, is. What is electricity 1 To this but a very 
indefinite answer can be given. In fact, no one really knows what it is. 
We are accustomed to see it in the form of lightning during a thunder- 
storm, when it is termed 'atmospheric electricity,* or to speak of elec- 
tricity * at rest ' in the form of a charge on a body, which may be due 
to the body having been rubbed — as, for instance, the electrification pro- 
duced by rubbing a glass rod with silk, both rubber and rod then having 

B 
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2 ELECTRICITY AS APPLIED TO MINING 

the power of attracting light articles such as paper, pith, &c. This is 
termed * frictional electricity.' We, however, more often speak of a current 
of electricity flowing through a body or conductor, and, as this expres- 
sion will frequently be used throughout the present work, we will next 
proceed to qualify it. 

The expression * current of electricity ' rather implies a flow of matter 
or something which has an independent existence apart from the conductor 
it is said to be flowing in ; but in reality we do not in the least know 
whether anjrthing is actually in motion in the conductor. Our senses do 
not help us in this respect, for nothing is visible save the conductor, 
which presents the usual appearance when the so-called cunent of electricity 
is flowing in it. To state the matter shortly, the expression is a purely 
conventional one, and when we use it, it is merely to indicate that the 
conductor and space around it exhibit effects and properties which they 
did not do before. 

In this connection it should be remembered that the direction offloiv 
is equally conventional, though the resulting effects have a definite sense 
or direction of action. It is, therefore, merely as a convenience that we 
regard electricity as capable of flowing in the form of a current along or 
in any conductor, and also in a definite direction along the conductor, 
depending on the sense in which the effects are produced. 

The so-called current must, of course, follow some route or path, and, 
whatever be the nature of this, it is called the electric circuit. 

All electric circuits, however, do not offer the same facilities for the 
passage of currents of electricity, some forming a great obstruction^ or, in 
common phraseology, offering a great resistance to the flow, others offering 
very little. 

It may be helpful to draw an analogy to a water-pipe, which, if 
partly stopped up with sand or sawdust, for instance, at some part of its 
length, would offer a far greater obstruction or resistance to the flow of 
water than if quite clear. Or, again, if the water had to flow through 
a water-motor inserted in the pipe, and possibly other appliances, the 
resistance to its flow would be greater than through the same length of 
clear pipe without these appliances. So it is with cun*ents of electricity, 
the strength of which depends upon the nature of the path or circuit, 
whether simple or containing appliances through which it has to pass. 

This analogy, though helpful in explaining the state of things met with 
in an electrical circuit, so much so that we shall again have to refer to it, 
must not be pressed too far, for it must be remembered that in a water- 
pipe we are actually dealing with matter in motion ; but with electricity, 
motion, if it exists, is not apparent. To show that the analogy of water in 
a pipe must not be pressed too far, it will be sufficient to cite that while a 
pipe bent at right angles offers much more resistance to the flow of water 
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than when straight, an electrical circuit in which there is such a bend has 
no effect whatever on the strength of current flowing. 

Effects or Properties of an Electric Current— As, therefore, 
a current of electricity flowing in a circuit cannot be seen, we can only 
measure and judge of it by the effects produced. These come under the 
following headmgs : — 

Mag'netic. — This effect is produced whenever a current flows in a 
circuit, a magnetic field, consisting of lines of magnetic force, being set up 

Fig. I. 




Magnetic Field of Current in a Wire. 

around the circuit or path of the current. A reference to fig. i will 
perhaps make this clearer. Suppose a current to be flowing from b to a 
in the conductor, a b, then innumerable lines of magnetic force, /, encircle 
the conductor, concentric with it if a b is straight, but acting in the direc- 
tion of the arrows in planes perpendicular to the conductor. The size of 
these circles will increase with the strength of the current, some being very 
large indeed, others very small. Their direction will reverse simultaneously 

Fig. 2. 
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Permanent Bar Magnet. 

with that of the current, and they are continuous, unbreakable, and 
invisible. The space pervaded by such lines of magnetic force is termed a 
magnetic fieldy and when a piece of iron, steel, nickel, cobalt, or manganese 
is pervaded by these lines, or, which is the same thing, produces a magnetic 
field, it is said to be a magnet These substances are therefore called mag- 
netic substances. Fig. 2 shows what is usually termed a permanent bar 
magnet, the dotted lines indicating the kind of disposition or path, and the 
arrow-heads the direction, of the lines of force. Every line passes through 

B 2 



4 ELECTRICITY AS APPLIED TO MI>JING 

the centre of the magnet and is perfectly continuous, completing its path 
in some cases through very short, and in others through very long, 
distances in the air — e,g, the two ends, a a, of that line of force meet some 
distance away from the magnet, and so on with all the others. Some of 
these lines leak out sideways after passing the centre, whilst most of them 
emerge from the ends of the magnet, thus producing what are termed 
North and South poles (n, s), or, in other phraseology, free magnetism. Such 
a magnet has the power of attracting to its poles any magnetic material, 
and its power of so doing will increase with the number of lines of force 
emanating from it3 poles. The centre of the magnet, which exhibits no 
free magnetism, is termed its equator, and has no power to attract or repel 
magnetic material. Further, it may be mentioned that two north or two 
south poles respectively repel each other, while a north and a south pole 
attract each other. 

But to return to our conductor carrying current. If this is wound over 
a paper tube, say, in the form of a helix, as in fig. 3, the lines of force due 




■» 
Solenoid Electro- magnet. 

to a current, instead of encircling each part of the wire, now run from end 
to end inside the helix, their direction for that of the current shown being 
given in the figure ; but if the current reverses, their direction is also reversed. 

The field and its distribution are similar to those shown in fig. 3, and 
the helix, which is usually termed a solenoid^ develops north and south 
poles at its ends, acting like a bar magnet. 

If a rod of magnetic material — Le. material capable of being magnetised — 
is inserted in the solenoid, the same current in the wire produces a great 
many more lines than before, and therefore much stronger poles, the 
arrangement being then termed an electro-magnet. Enough has now been 
said about magnetic terms and principles to make them intelligible when 
mentioned later on.* Suffice it to say that a conductor carrying current 
acts magnetically on and magnetises any magnetic body which may be near 
it. This magnetic property of an electric current is made use of in all 
appliances employing electro-magnets, such as electric bells, telegraphs, 
dynamos, motors, arc lamps, transformers, &c. 

For a more detailed treatment of magnetic principles see Ehmentary Lessons in 
Electricity and Magnetism ^ or 7^he Electro- Magnet ^ both by S. P. Thompson 
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Chemical Effect. — When a current which is unidirectional flows 
through a circuit which is partly liquid and partly solid, the liquid is 
generally decomposed into two parts, one appearing at each junction of 
solid and liquid. This property or effect of the current is termed electrolysis 
(electric decomposition). For instance, a current of electricity flowing 
through water decomposes it into its constituent parts, the gases oxygen 
and hydrogen, of which the hydrogen is evolved at the part where the 
current leaves, and the oxygen where it enters, the water. This chemical 
property of an electric current is made use of in electroplating, electro - 
typing, refining and purification of metals, secondary or storage cells, and 
primary cells. 

Heating^ Effect. — This is ever present when any current, however 
small, flows through a circuit, every part of this circuit being heated to an 
extent depending on the current and resistance of the circuit. If the 
latter is high enough and the current sufficiently strong, the circuit will 
emit light. This property is made use of in all electric lamps, electric 
heating and cooking appliances, and in electric brazing and welding, &c. 

Physiological Effect. — This is produced when a current passes 
through any member of the body, thereby causing a contraction of the 
muscles and nerves. When sufficiently strong, death may be caused owing 
to paralysis of the heart. Summarising, it may be said that the magnetic, 
chemical, and heating properties of the electric current form the funda- 
mental basis of the whole electrical engineering industry, and we shall 
deal with them more in detail when considering their application to electrical 
appliances. 

Electrical Units. — The striking analogy of a supply of water through 
a pipe to that of a current of electricity through a circuit or wire, referred 
to on page 2, is helpful in considering electrical pressures. Most people 
know that the sea level at any place is taken as the zero or datum line 
from which to measure and reckon heights and depths at that place, and 
also that water always flows from a higher to a lower level. The rate of 
flow of water from a pipe in the basement of a house depends upon the 
height of the supply cistern to which it is connected ; in other words, upon 
the * head of water,' which is the vertical height of the surface of water in 
the cistern, above the end of the pipe in question. The greater this head^ the 
greater will be the pressure of water in the pipe below, and the greater the 
rate of flow in, say, gallons per minute. 

The case is very much the same with electricity. Some datum line, 
starting point, or zero level must be provided from which to measure 
electric pressure or head. This zero level is quite arbitrary, and is 
universally taken as the earthy which is assumed to be at zero pressure^ or 
potential as it is more correctly designated. This corresponds with sea 
level in connection with height measurements. 
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As with water a flow takes place from a high to a lower level as soon 
as the two are joined by an unstopped pipe, so with electricity a current 
flows from a point at high potential to one at a lower potential as soon as 
the two are joined by a conducting circuit or wire. In fact, it is the 
difference of level in the case of water and the difference of pressure or 
potential in the case of electricity which cause the flow as soon as a 
conducting path is provided. 

Moreover, the quantity of water passing every cross-section of a pipe, 
however variable, per second is exactly the same at any given moment ; so 
also the strength of current is the same in all parts of a circuit, whatever 
the material of which it is made and whatever the cross-section. The 
actual quantity of water or strength of current which a given difference of 
level or potential respectively will cause to flow through a given path will 
depend on the resistance of the path in both cases. In this connection, 
however, there is a discrepancy in the analogy of water pressure to electric 
potential — namely, that the difference of water pressure is seriously dimi- 
nished by a bend in the pipe, whereas the difference of electric potential 
or pressure is entirely unaffected by a bend in the circuit, however sharp, 
when the current flow is steady. This shows that the analogy of the water 
system, as before mentioned, though helpful in understanding electrical 
pressure, &c., must not be pressed too far. A current of electricity will 
flow so long as any potential difference exists, and will cease when this is 
uniform throughout the circuit. 

In all that follows we shall denote the extreme difference in pressure of 
any circuit by the term Electro-motive force (abbreviated to E.M.F.) ; and 
that between any other two points, which must necessarily be lower, by the 
term Potential difference (abbreviated to P.D.). 

The Unit of Difference of Pressure, or of E.M.F., is that difference 
of potential which must be maintained at the ends of any circuit of i ohm 
resistance so that a current of i ampere may pass through it. This unit is 
called a Volt, 

The Unit of Current is called an Ampere^ and depends for its 
definition on the chemical effect produced on a solution of silver nitrate. 

The Leg^ai Unit of Resistance at the present day, of universal 
adoption, is defined as the resistance of a certain column of pure mercury, 
and is called an Ohm ; all other electrical units have been accurately defined 
in terms of the ampere and the ohm. 

We are now in a position to state the most important of all laws relating 
to current electricity, which was first enunciated by Dr. G. S. Ohm many 

years ago— namely, that the ratio of polential difference . any conductor at 

current 

constant temperature is a constant^ and is equal to the resistance of the con- 
ductor, or, in ordinary parlance : If R is the total resistance in ohms of a 
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circuit across which there is a P.D. of V volts, then the total current, A, 
in amperes flowing is 

A V 

A = j^ amperes ; 

whence R = -^ ohms, 

or V = AR volts. 

This is a fundamental principle of the utmost importance, and is universally 
called Ohm's Law. 

On page 5 reference was made to the heating effect of a current, and it 
was there stated that some heat is always generated by a current, however 
small, in flowing through a circuit of any nature whatsoever. This heat is 
the direct effect of the expenditure of electrical energy in the circuit, and is 
only another form of such energy. Heat is always generated when work is 
done through the expenditure of electrical energy, and it can be experiment- 
ally proved that the heat produced in a circuit of r ohms' resistance, when a 
current of A ampbres flows through it, is proportional not only to A^, but 
to r : i,e. is proportional to A^r. 

If the unit of heat is taken as the amount of heat required to raise i lb. 

of water from 0° C. to 1° C, then the number of units of heat produced 

in / minutes is 

H = 00315 AV/. 

If the unit of heat is taken as the amount of- heat required to raise 

I gramme of water from 0° C. to i® C, called a French Thermal Unit, 

Calorie, or Therm, then the number of units of heat produced in 

/ seconds is 

H = 0*239 AV/ calorie. 

This is known as Joule's Law, and the heating effect as the Joule 

Effect, But J. P. Joule, the discoverer of this law, has shown that the above 

thermal unit is equivalent to about 1,400 foot-lbs. of work. Hence it 

A ampere flow at a P.D. of V volts through r ohms for / minutes, tne 

work done, 

W = 1,400 X 0*0315 AV/ 

= 44*25 AV/ foot-lbs. 

V 
But A = - ; 

r 

W = 44*25 A V/ foot-lbs., 

which relation is true for any kind of circuit; but since the power 
expended = rate at which work is done, 

Power X Time = Work done ; 
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and .•. the work done in foot-lbs. per min., or electrical power expended 
on the circuit, is 44*25 A V 

s= ^^ ^^ AV=: — = o'ooi34AV horse-power. 
33,000 746 

The Unit of Electrical Power, or unit rate of working, is called 
the Watt, and is that power exerted when i ampere flows under the 
pressure of i volt; and power in watts =• A x V. Hence the English 
horse -power =746 watts. The work done by i watt in one second 
is termed a Joule, Hence the work done in joules = watts x seconds 
= AV/ = AV/. 

I calorie = 4*16 joules = 3*067 foot-lbs. = '00396 British thermal unit. 

The Unit of Electrical Energy is termed the Board of Trade 
unit (B.O.T. unit), or kilowatt- hour, and = 1,000 watt-hours. This 
is the commercial unit, in terms of which the electrical energy supplied to 
a consumer is measured or reckoned, and whenever the amperes x volts 
X time in (hours or fractions of an hour) in any combination whatsoever 
= 1,000, a B.O.T. unit of electrical energy is said to have been expended. 

The Unit of a Quantity of Electricity is called a Coulomb^ and is 
the quantity of electricity which flows past any point of a circuit con- 
veying I ampere in one second. Or, i coulomb = i ampere per sec. ; 
or, briefly, an ampere-second. 

In actual practice multiples and fractions of each of the preceding 
units have to be dealt with, and these have received special names. Those 
in common use will therefore now be given to familiarise the reader with 
the terms used : 

A Milliampere = n^^ ampere. 

A Megohm = 1,000,000 ohms. 

A Microhm = unroT^DJT ohm. 

A Kilowatt = 1,000 watts (commercial unit of electrical power). 

It was remarked on page 6 that an electric current always continued 
to flow through a closed circuit, continuous in itself, so long as a difference 
of potential existed, in the same way that water continues to flow through 
a pipe as long as a difference of level (head) exists. 

In the case of water some appliance must be provided for raising the 
water originally to the higher level — ix, for maintaining a head or difference 
of level. 

The principle is precisely similar in the case of electricity, for in this a 
difference of potential must be maintained, and some appliance is neces- 
sary to raise and keep up the higher potential whence the difference will 
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also be maintained. Such appliances are called current generators, of 
which the following are the chief types in practical use : 

(a) Primary cells. 

(S) Secondary cells, also termed storage cells or accumulators. 

{c) Dynamos. 

All of these are merely appliances for converting various forms of 
energy into electrical energy ; for instance, in both primary and secondary 
cells it is potential chemical energy which is stored up and converted into 
electrical energy. In dynamos mechanical energy is transformed directly 
into electrical energy. 

As each of the above sources is employed in connection with mining 
work, we shall now consider them somewhat in detail, restricting ourselves, 
however, to those forms and types most commonly met with in such work. 

(a) Primary Cells. 

A primary cell consists of a vessel made of some non-electrically 
conducting material containing one or more acid or salt solutions, either 
mixed, or separated by one of them being contained in an inner receptacle, 
in which are immersed two solid conducting bodies, one of these being 
more readily oxidised or acted on by the solution than the other. 

Primary cells may be divided into two distinctive classes : (i) Single 
fluids or those in which only one fluid is used, and (2) Double fluids or those 
in which two fluids or solutions are used. There is, however, a third type 
of primary cell, which is a special form of the above, containing no solu- 
tion at all, and termed a *dry cell.' 

It will only be possible, in discussing primary cells in the following 
pages, to direct our attention to forms commonly met with in, and suitable 
for, mining work generally, for such purposes as telephony, signalling, 
blasting, &c. A very large number of types of these cells have been 
devised from time to time, some of which are now only of historic 
interest. 

Single-fluid cells being the simplest of all, we shall take a typical 
example and point out its principle of action, advantages and disadvan- 
tages, &c. 

Fig. 4 shows diagrammatically the construction of such a cell. It 
consists of a zinc plate, z, and copper plate, c, dipping into an oxidising 
solution, such as dilute sulphuric acid, contained in a glass or glazed 
earthenware vessel, v. 

Two stout metallic connections join the plates to a and b respectively, 
which form the poles or terminals of the cell. 

If the plates c and z, particularly the latter, are practically pure, no 
action of any description takes place by reason of them dipping into the 
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dilute sulphuric-acid solution ; but if the two tenninals a and b are 
connected to what is commonly termed an external circuit, r, an electric 
current at once flows in the direction of the arrows. The zinc plate, z, is 
now obser\*ed to waste away gradually, and continues to do so as long as 
the circuit is complete through r. 

The zinc and copper are each at about 1*87 and o'8o volt lower 
potential respectively than the liquid; hence the potential difference 
between the two plates is about I'oy volt Such an arrangement is some> 
times termed a voltaic or galvanic cell, and in such, chemical action 
invariably takes place on the production of a current Zinc stands high 
as an electro-positive element, and is very readily oxidisable, which is 




Simple Voltaic Cell. 



equally essential ; consequently it forms the negative pole or positive 
element in almost every primary cell. 

Substances such as copper, silver, platinum, carbon, &c., are much 
less oxidisable, standing high as electro-negative elements, the last two 
being unaffected by any single acid ; consequently these are used for the 
positive poles or negative elements in primary cells of various types. 

That cell will have the greatest E.M.F. in which two metals are 
employed, differing to the greatest extent in being highly electro-positive 
and electro-negative respectively. Thus, carbon and zinc are good in this 
respect, and much better than copper and zinc. 

The action taking place in the cell illustrated in fig. 4 is briefly as 
follows : When the cell gives a current the zinc plate (usually of com- 



DANIELL CELL II 

mercial and impure metal) gradually dissolves away, due partly to the 
chemical action of the acid on the impurities in the zinc and partly to the 
electrol3rtic action of the current. The first action does not occur with 
pure zinc. When working, the combined chemical and electrolytic action 
liberates hydrogen and forms a salt termed zinc sulphate. 

The bubbles of hydrogen gas produced at the surface of the zinc plate 
are not evolved from either it or the liquid, but from the copper plate^ and 
stick to it in large numbers. This acts detrimentally in two ways — (a) by 
increasing the resistance of the cell from plate -to plate (called its internal 
resistance), for gases are bad conductors of electricity, and a film of 
hydrogen covers the copper plate, thereby reducing its effective surface ; 
{b) by producing an E.M.F. in the reverse sense — />. a back E.M.F., owing 
to hydrogen being highly electro-positive and almost as oxidisable as zinc, 
and therefore forming a cell temporarily with zinc as the positive pole or 
negative element, and the hydrogen film as the negative pole or positive 
element. 

This difficulty, which is known as * polarisation,' is overcome by employ- 
ing two-fluid cells in which one of the solutions is a highly oxidising one, 
or by using a solid oxidising substance in single-fluid cells. Stout plates 
will last some time, but the solutions require renewing at frequent 
intervals. 

When two or more cells are joined together * end on,* or * in series ' 
with each other, the arrangement is termed a Battery, and if the cells 
are of the same type, the E.M.F. of the whole battery will equal that of 
one cell multiplied by the number of such cells in series, and the total 
amount of chemical decomposition will also be increased in like manner, as 
well as the internal resistance. From the foregoing considerations it will 
be evident that the simple cell taken as an example would not be suitable 
for commercial purposes, though useful for understanding the actions that 
go on in such cells. A large number of primary cells have been devised 
by different people, employing different metals and solutions ; but in the 
following pages we shall merely deal with some four or five types which 
apply more particularly to the subject of this work. These are as follows : 
Daniell cell, Leclanch^ cell — ordinary bell, agglomerate, and carporous 
forms — Dry cells, the Obach, E.C.C., E.S., &c. 

Daniell Cell. — This cell was invented about 1836 by the man 
whose name it bears, and in it polarisation is practically eliminated. It is 
an important form of cell, having been employed extensively for tele- 
graphic purposes and many others in which a constant E.M.F. is required. 

It consists (fig. 5) of a zinc rod or plate, z, dipping into a solution of 
zinc sulphate or dilute sulphuric acid, contained in a pot, p, of porous or 
unglazed earthenware. Outside the porous pot, and surrounding it, is a 
solution of copper sulphate contained in the jar, j. Into this dips a 
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copper plate, c, which forms the positive pole of the cell ; the zinc forms 
the negative pole. 

The porous pot merely separates the two solutions : it allows the 
passage of the current from one plate to the other. 

The internal resistance of a Daniell cell may be anything between 075 
and 5 ohms, depending on the size of plates and density of the solutions. 
It is, however, most frequently about ▼•© or 2*0 ohms in the sizes commonly 
used at the present day. 

The internal resistance can be reduced by having the plates larger and 
closer together and by diminishing the thickness of the walls of the 
porous pot. 

The E.M.F. of all these cells is about I'l volt, and is entirely 
unaffected, as is also the case with any other cell, by the size and distance 

Fig. 5. 




Daniell Cell. 



apart of the plates, or of the rest of the cell, and depends only on the 
materials used. 

The Daniell cell is, of course, a two-fluid cell in which the copper 
sulphate acts as the oxidising agent, or depolariser. The hydrogen gas 
(H), in trying to get across on to the copper plate, attacks the copper- 
sulphate solution, which has the chemical symbol CUSO4. In so 
doing it displaces the copper (Cu) and takes its place, forming a new 
molecule of H2S04, while the copper (Cu) thus displaced is deposited on 
to the copper plate. In this way no hydrogen gas can get to the copper 
plate to polarise the cell, so long as the copper-sulphate solution is 
existent ; when this is exhausted the cell will begin to polarise. 

Leclanch^ Ceil (ordinary bell type). — Of the many forms of 
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primary cells probably this one has been the most widely used. Its 
principal use lies in the production of intermittent currents during long 
periods such as those required for ringing electric bells, and for such it is 
much superior to the Daniell cell, but inferior for the purpose of sending 
steady currents of appreciable strength for any length of time. 

It is a sing/e-&uid cell, having a solid oxidising or depolarising agent, 
and consists of an outer glass jar (fig. 6), shaped as shown, the top part of 
which is dipped into a biack compound, which prevents the solution 
creeping from the inside to the outside over the mouth of the jar. A 
solution of sal ammoniac (ammonium chloride) and water is contained in 
this outer jar, together with some crystals of the undissolved salt at the 
bottom. 

Fig. 6. Fiu. 7. 








Outer Jar. Zcnc. 

Into the solution dips an amalgamated, rolled, and almost pure zinc rod 
(fig. 7), to the top of which is soldered a wire for the purpose of electrically 
connecting the zinc to the circuit and constituting the negative terminal or 
pole of the ceil. The positive pole consisls of a carbon plate capped, in 
the better cells, with a carbon head which forms a sealing for the brass 
terminal. This plate is tightly packed inside a porous pot of unglazed 
porcelain of high porosity (fig. 8), with equal proportions of little pellets 
of carbon and black oxide of manganese (otherwise called mangnnese 
peroxide or dioxide), the latter of which acts as the oxidising or depolaris- 
ing agent. A thin layer of pitch then closes the top of the pot, through 
which pass two short pieces of ebonite tube to enable some of the 
solution to be poured into the porous pot through one, and air and gas to 
escape from the other. The function of the pot is not to keep the liquid 
out, but to keep the broken gas carbon and manganese peroxide in, and 
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both of these latter must be well sifted to remove the dust, so as to expose 
as much surface of carbon as possible to the solution. Fig. 9 shows a 
cell complete. While the cell is sending a current, ammonia gas is given 
off, and both water and zinc chloride are formed inside. When the solution 
turns milky, more sal ammoniac is required; but if the cell fails without, 
ihenit shows that the depolariser— namely, the peroxide — is in all probability 
exhausted altogether, or is unable to oxidise the gas evolved rapidly enough. 
This is the case when a strong current is taken from the cell. 

The E.M.F. ofaLeclanch^ cell is approximately 147 volt, and the 
internal resistance varies from about i to 3 ohms, normally depending on 
the size of zinc and carbon plates and their distance apart ; also on the 
thickness of the porous pot and density of the solution. 

Fi<j. 8, F[o. 9. 




Com I 
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The Agglomerate-block Ledaach^ Cell is a modification of the 
form just described, in which the porous pot is usually dispensed with. 
Fig. 10 shows one method of construction in which the carbon and man- 
ganese peroxide are crushed fine, well mixed together and with some bind- 
ing substance, and then moulded under pressure into blocks, which are 
firmly held against the usual carbon plate by two india-rubber bands. The 
zinc rod is sometimes held in position by being passed through an eye 
formed at one part of the band, or by being contained in a small perforated 
porous pot, as seen in hg. 10, this method avoiding all local action. 

The ' Carporous ' Cell, devised by Messrs. Lacombe and Leclanch^, 
is another modified form of Leclanchd cell. The construction will be 
understood by reference to figs. 11 and 12, which respectively represent a 
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section and general view. It consists of a perforated cylinder of carbon, a, 
and one of porous porcelain, b, which rest on a glass foot, c. 

Between these cylinders is packed the mixture of broken carbon and 
manganese peroxide. The zinc Tod, z, passes down through an insulating 
cap, N, into the inner porous cylinder, b, and dips into the sal-ammoniac 
solution. Connection with the carbon cylinder is made through the screw, 
washer, and nut, n. 

With the exception of the ordinary form, all these different kinds of 
Leclanch^ cells will act and give a current immediately the solution is 
poured in, but time must be given to the ordinary form to enable 
the solution to soak through the porous pot, unless some solution 




is poured into it through the tubes which pass through the pitch sealing. 
A battery of four ordinary bell Leclanch^ cells in series is shown in 



Dry Cells, so called because they contain no liquid that can spill, but 
only a jelly-like mass in place of the liquid, are one and all of the Leclanche 
type. Among the many different forms the principal ones are the 'Obach,' 
the ' E.C.C.,' the ' E.S.,' and the ' Century,' or perhaps one should say 
that these cells are the most widely used in practice. 

The construction of them all is much the same, and merely the general 
features will here be discussed. 

The containing vessel or jar consists usually of zinc, which may be 
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surrounded by a cardboard or other suitable covering, or may be painted, 
and form the external case itself. In either case the zinc cylinder or jar 





Carporous' Cell. 



'Carporoiis' Celu 



forms the negative pole of the cell, and a wire is soldered to it for making 
the electrical connection. 

The positive pole consists of a substantial carbon plate in the centre 
of this zinc cylinder, the two being separated by a mixture of coarsely 




powdered carbon, manganese peroxide, and sal ammoniac and a small 
percentage of zinc sulphate, the whole mixed into a stiff paste with a little 
water and glycerine. 
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This last named plays no part in the chemical action of the cell, but 
only serves to bind the materials together. The cells are invariably sealed 
at the top, usually with melted pitch, two vent-hotes being provided for the 
escape of any gas. 

The E.M.F. of all tjrpes is about i'55 volt, and the internal resistance 
from o's to 3 ohms. For short periods they will give much stronger 
currents than the ordinary Ijeclanch^ cell, and when left on open external 
circuit, after a discharge, will recuperate to a considerable extent. 

As there is nothing in the construction which can spill, these so-called 
dry cells can be used in any position, whether upside-down, on their sides, 
or otherwise. They are used for a variety of purposes — as, for instance, for 




shot firing in mines, abo by the General Post Office and the Natiotial 
'I'elephone Company. Fig. 14 shows a box containing three E.C.C. dry 
cells connected in series and to two terminals, one at each end of the box. 

{P) Secondary Cells. 

The one great objection raised against all types of primary cells is 
their comparatively rapid polarisation when any but a small current is taken 
from them, and, though they are eminently suitable for certain kinds of 
work not requiring more than a very umall current— as, for instance, that 
met with in telegraphy and telephony — they are of no use for giving the 
currents met with in electric lighting and many other kinds of work at the 
present day. Moreover, the cost of maintaining them is an item which 
precludes their use for larger currents. Zinc is the fuel used in these 
chemical electric generators, and it is vastly more expensive than the coal 
used in dynamic generators. 
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In the following pages we shall deal with another form of electric cell 
which is capable of giving out larger currents without polarising or other- 
wise running down appreciably, except after long periods. 

On page 5 it was mentioned that when a continuous current passes 
through a liquid — as, for instance, water — the latter is decomposed into 
its constituent parts, the gases oxygen and hydrogen, the latter being 
evolved at the electrode of the electrolytic cell at which the current leaves, 
the oxygen from the electrode at which it enters, the cell. In fact, this was 
mentioned as being one of the properties of an electric current. 

In the case of the secondary or storage battery, an electric current 
generated elsewhere is conducted to an electrolytic cell ; if this consists of 
two strips or plates of ordinary lead, dipping into a dilute solution of 
sulphuric acid and water, the hydrogen is still given off from the plate at 
which the current leaves the cell without any chemical action taking place 
at its surface ; but the oxygen developed at the other plate — that by which 
the current enters the cell — enters into chemical combination with the lead 
plate at its surface, forming what is known as lead peroxide or lead dioxide, 
having the chemical symbol Pb02, and consisting of two molecules of 
oxygen (Oj) and one of lead (Pbi). 

This chemical combination is accompanied by the plate turning a 
chocolate or dark -brown colour, the other plate merely remaining the 
colour of lead. 

If, now, this electrolytic cell is disconnected from the source which is 
sending the current through it, and connected to another circuit not having 
any E.M.F. in it, a current will flow out of the cell through the circuit 
from the discoloured plate or inside the cell to this plate. 

Thus, this chocolate-coloured plate is the positive pole of the cell, and 
the other, or lead-coloured plate, the negative. Such an appliance is 
variously termed an electrical storage cell^ electrical accumulator^ or secondary 
ceily and two or more of them connected together are called a storage or 
secondary battery. 

The reader, however, is recommended to use the term secondary^ for 
no electricity whatever is stored or accumulated in the cell when a current 
is sent through it, just as much passing out as flows in. Chemical changes 
occur, however, which result in the formation and decomposition of certain 
substances on charging, while on discharging a reaction or secondary 
change occurs which reduces the substances to the composition which they 
had before the change was commenced. Hence the propriety of the term 
secondary cell. 

A cell constructed in the particular manner indicated would be of but 
little use in practice, as the amount of energy stored up in the compara- 
tively small amount of chemical change is very little. In order to obtain 
a much more prolonged secondary action, and a cell that would give 
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out large currents for considerable periods, a larger amount of active 
material must be exposed to the action of the dilute sulphuric-acid 
solution. 

In other words, the plates must be made more porous^ so as to offer a 
greater effective surface to the solution, and as much lead peroxide as 
possible must be formed. This, of course, cannot be realised with plates 
cut out of ordinary commercial sheet lead, and special means are adopted 
for the purpose, giving rise to two different t5rpes or constructions of 
secondary cells, known respectively as the Planti or tton-pasted type^ and 
the Faure or pasted type. 

The difference between these types lies entirely in the construction, and 
in both the ultimate condition when charged up is spongy porous lead for 
the negative plate and lead peroxide or dioxide on the positive plate in 
a dilute solution of sulphuric acid (oil of vitriol) in water. 

Plants Cells — ^so called after Gaston Plants, who devised the first 
practical form of secondary cell^ — consist of almost pure lead plates varying 
in thickness, in the different makes, from \ inch to f inch. These plates are 
cut to the required size for making a cell of the desired dimensions, and 
usually, though not always, pickled — ue, first inserted in a bath containing 
some highly oxidising solution, such as a mixture of sulphuric and nitric 
acids in water, or one of sulphuric acid with a certain percentage of the 
alkaline nitrate of soda, ammonium, or potash. Such solutions rapidly 
oxidise and eat into the plate, which is taken out after a suitable time has 
elapsed and washed in water ; the plate or its surface is then in the form of 
spongy or porous lead to quite an appreciable depth (say about i mm.). 

Several plates are next assembled side by side in an electrolytic 
bath containing sulphuric acid and water in the proportions of about 
I of concentrated acid to lo or 12 of pure water. Each plate is 
separated by about \ inch from the next, but alternate ones are con- 
nected together to form one of the two poles of the cell. A current of 
electricity is now passed through the cell from some outside source for 
forty hours or more, and at first nothing is visible except the decolorisa- 
tion of the plates at which the current enters the bath. Towards the end 
of the time bubbles of gas (oxygen) are evolved from these same plates^ 
and finally the whole liquid is full of them. A cell in this condition is said 
to be gasing freely, or (technically) boiling, and is fully charged, the gasing 
being due to the fact that the plates at which the current enters are in- 
capable of absorbing any more oxygen to form lead peroxide, with the result 
that this gas is liberated in its nascent form. 

The plates on which the peroxide of lead is formed are the positive 

plates, and will have assumed a rich dark brown chocolate colour ; the 

other, or negative plates, being of the slaty grey colour of spongy lead. 

In some cases the lead plates are not pickled previously to being 

c 2 
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* formed,' as it is termed, by the current in a bath ; but in all cases some- 
thing is done to increase the effective surface of the plates — as, for instance, 
by building them up of corrugated and perforated thin sheets of lead, or 
by simply corrugating or grooving an ordinary thick lead plate. 

There are several different forms of secondary cells in use at the present 
day which are wholly or partly constructed on the Plants principle, the 
process of manufacture being, in some cases, very simple, and in others 
lather complex. 

It will, however, suffice for our purpose to mention one well-known 
type called the 

'D.P.' Secondary Cell. — A diagrammatic view of the plates of this 
cell is shown in fig. 15, and they consist of a large number of narrow strips. 




'D.r.' PI.ATE, 



Complete 'D.P.' Cei.u 



s, of lead, the plate surfaces of which are specially dented, built up one 
above the other like the leaves of a book. 

The ends of these strips are lead burned together apd to thick leaden 
side-bars, a and », of which a is extended to form a lug, l, for burning on to 
the main cross-bar of lead that connects all the plates of like polarity 
together to form one terminal of the cell. The strips, s, run horizontally, as 
indicated in fig. 15, and are there shown edgewise. In a complete cell, as 
many of such plates as are required are placed side by side at suitable 
equal distances apart, determined by the thickness of the plates of opposite 
polarity which come in between, and the liquid space as well. 

The lugs, L, of all the positive plates (say) are then burned on to a 
common crossbar, which forms one terminal of the cell; the same with 
the negative plates, which are one more in number than the positives. 
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Two of these * D.P.' cells are shown in fig. i6, mounted and connected 
in series. The containing vessels are of glass, but in the case of cells 
having a much larger number of positive and negative plates this vessel is 
of teak to withstand the weight, and lead-lined inside to resist the action of 
the sulphuric acid. With this method of building, all the plates have to be 
sufficiently well insulated from the lead lining, which would otherwise cause 
them to be short-circuited. 

In the Faure type of cell both sets of plates are pasted with red lead 
(of which the chemical symbol is Pb304) and immersed in dilute sulphuric 
acid for charging ; the coating of oxide on the negative plate is reduced to^ 
spongy lead, while that on the positive is turned into lead peroxide (Pb02), 
the whole time taken in bringing about this electrolytic action being from 
thirty lo forty hours. 

The fact that the paste soon fell away in this type of cell directed 
attention towards a frame or grid for holding it, and into which it was 
pasted. 

Without going into the many forms of grid tried, some with and some 
without success, it will be sufficient to mention one of the latest forms of 
secondary cells, constructed on the Faure or pasted principle. This is the 
Headland Secondary Cell. The grid consists, as shown in figs. 17 
and 18, of a number of bars (fig. 17) built up side by side and each filled 
with paste. A number of these bars with air spaces between go to make 
up each positive or negative plate ; the plates are separated by some 
insulating substance such as glass rods, ebonite strips, or sheets of 
perforated and corrugated ebonite, &c. This last arrangement is shown 
in fig. 18 (V.), which represents a traction cell of the Headland type 
removed from its ebonite containing-case seen to the left. 

As will be observed, there are three positives and four negatives, and in 
all plate forms of secondary cells there is always one more negative than there 
are positives. This arises from the fact that unless all the latter are acted 
on from both sides simultaneously, they tend to bend^ or, as it is usually 
termed, buckle. In all the different forms of secondary cells precisely 
the same electro-chemical actions take place— for instance, on charge the 
surface of the positive plates becomes turned into peroxide of lead (Pb02)^ 
and the negatives into spongy lead, while the acid solution becomes stronger 
owing to the formation of sulphuric acid ; on discharge the negatives or 
spongy lead plates become turned into lead monoxide or litharge (PbO} 
first of all, and then in a continuous manner into lead sulphate (PbS04), 
the surfaces of the positives are turned into lead sulphate, and the 
solution gradually loses some of its sulphuric acid, becoming weaker in 
strength. 

During rest, when the cell is sending no current, both plates very 
slowly sulphate — /.^. a formation of lead sulphate (PbS04) gradually 
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accumulates on the surfaces of both positive and negative plates, causiiig 
the cell to vtry slowly run down. 

This result is also the case if there is any leakage from the plates down 
the outside of the vessel to earth. 

This leakage can be almost entirely prevented by supporting the glass 
or other containing vessel in a wooden tray, the bottom of which contains 

Fio. 17. Fig. 18. 
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a layer of sawdust, and then resting this on what are termed ' mushroom 
oil insulators,' one of which is shown in side sectional elevation in fig. 19, 
and in perspective in fig. 30. 

it is made of glass and consists of two parts; the bottom, b, has an 
annular channel, o, on its upper surface, which is filled with a heavy non- 
evaporative oil, such as resin oil. A projecting rim on the lower surface of 
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the top part, c, dips below the oil and rests on the bottom of this channel. 
Thus, any leakage from the cell resting on the top of such an insulator 
must pass over the top surface, round the outer lip, and across the surface 
of the oil, where it meets with very great resistance, before it can get to 
earth. 

From what has been said it will be understood that by having several 
positive plates connected together, but arranged alternately with similarly 
connected negatives, we obtain the same result as we should from two 
large plates the area of which is equal to the sum of the areas of the 
others respectively. At the same time a cell of a more convenient size 
is obtained. 

The current which can be drawn from a secondary cell depends not 
merely on the type of cell, but on the total area of the positive sections, and 
for any particular make it is reckoned as so many amperes per square foot 
of positive, reckoning both sides of the plate. 



Fig. 19. 



Fig. 20. 





Section. 



External View. 



Mushroom Oil Insulator. 



In the large variety of makes it varies, according to the construction, from 
4 to 20 amperes per square foot of positive plate. Now, it requires little 
or no consideration to see that the total amount of electrical energy given 
out by a secondary cell can never be so large as that put in. Energy being 
= watts X time in hours — ue. watt-hours — we have the 

^ a- • watt-hours given out 

Energy efficiency = , ^ -. , 

watt-hours put m 

which in actual practice varies from about 60 to 70 per cent. Similarly 

we have the 

Quantity efficiency = ampere-hours given out 

ampere-hours put m 

which may be as high as 95 per cent, when the current density (amperes 
per square foot of positive) is low. The capacity of a secondary cell is 
reckoned respectively in either ampere-hours or watt-hours, either per lb, 
of plates or per lb, of cell complete with acid, and in comparing the 
capacities of cells for portable purposes this latter is the only fair method 
of doing it. 
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Plante cells usually have a capacity of about 2 to 3 ampere-hours per lb. 
of cell complete, while Faure cells have been constructed having 7 watt- 
hours per lb. of cell complete, which is the figure pertaining to the Head- 
land cell. 

Secondary cells are used very extensively at the present day for all 
kinds of work where a supply of current may be wanted at any moment ; 
their chief use being not merely to act as a stand-by in case of a break- 
down of the main generating plant, but to help this at the heavy loads. 

Such cells are expensive in first cost, and should therefore be w^ell 
attended to, the user being well repaid for good attention to them. Sum- 
marising on this point, it may be said that secondary cells must not be dis- 
charged or charged regularly at a rate much exceeding that stated by the 
makers. They should not be discharged below i 'So volt per cell, other- 
wise a harder sulphate will form which is highly detrimental to the cell. 

An overcharge of short duration will do good — i.e. a continuance of 
charging for a half to one hour after the cell begins to boil will do no harm 
to the plates and may do good, though it represents a large proportion of 
the energy supplied going to waste. Secondary cells should never be left 
in a discharged condition, but always fully charged if possible, otherwise 
premature buckling of the plates may occur, with the result that paste, in 
the case of the Faure type of cell, may drop out, thereby denuding the 
plates of active material and increasing the risk of internal short circuits 
through a pellet of paste bridging the space between positive and negative 
plates. 

Connecting the terminals by a low resistance, technically called short- 
circuiting the cell, will probably do more harm than weeks of regular and 
steady use, if it does not actually ruin the cell altogether. 

As the level of the solution falls, through evaporation and spraying 
during boiling, fresh liquid must be added, whether only water or dilute 
acid, in such a way as to maintain the density or specific gravity of that in 
the cell constant, say, when the cell is fully charged. 

This density is obtained by means of an hydrometer, or acidometer, as 
it is variously termed. 

Uses of Secondary Cells. — Secondary cells can be put to a large 
variety of uses where strong, steady currents are required — as, for instance, 
in electric lighting work when a steady pressure is wanted. The chief 
use of them is either to supply lamps or electro-motors without any 
attention, after the running machinery is stopped, or to help the running 
plant to supply such at periods of heavy or maximum load, when, perhaps, 
the machinery could not do it alone. 

Unlike other sources of power, a secondary battery is capable of 
responding instantaneously to any demand within limits. To instance an 
example of its utility, in, say, a direct current electricity supply system of 



USES OF SECONDARY CELLS 2$ 

some town during a winter month. The period of maximum load is 
usually from 4.30 p.m. to about 7.0 p.m. out of the twenty-four hours, and 
perhaps this may be twice the average load during the day. To supply 
this maximum at least an equal amount of running machinery must be 
started up for only two or three hours and then shut down, leaving full 
steam useless in the boilers. 

If a secondary battery, having an output equal to the average demand, 
were installed, then this would take the extra demand at heavy loads, dis- 
charging * in parallel,' as it is called, with the generating machinery. Thus 
no extra plant would have to be run. 

It should be remembered, however, that the prime cost of such a 
battery for a given kilo-watt output (for five hours, say) is roughly the 
same as for steam dynamos and boilers for the same time. 

The depreciation is about the same, and need not exceed 5 per cent, 
per annum for a battery tolerably well looked after. Thus we see that 
while the first cost is about the same in the two cases, the running cost is 
less with a battery than if only running machinery is used. 

Battery-house. — This should be a we/Z-venfi/afed brick or stone 
building, having as little metal and wood about it as possible, both being 
acted on detrimentally by the acid vapours given off during charging. 
Every cell of the battery should be within easy reach, so that it can be 
easily inspected and attended to at frequent intervals. Thus the plates 
must always be kept covered with liquid. Any buckled plates must be 
straightened, and every cell must show about the same terminal voltage 
while discharging^. If some do not, they should be carefully inspected 
to see whether there is any internal short-circuit by positive and negative 
plates being in connection. 



26 



ELECTRICITY AS APPLIED TO MINING 



CHAPTER II 

DYNAMIC ELECTRICITY 



Alternating-current D)mamos and Motors — Two- and Three-phase Generators and 
Motors— Induction Generators — Direct-current Dynamos and Motors — Trans- 
formers, Rotary and Static — The Special Construction of Motors to overcome 
Dangers of Sparking, &c — Enclosed and Ventilated Motors. 

So far we have only considered the production of electric currents by 
chemical means, as in the case of primary and secondary cells, but it is 
possible to obtain such currents by other means. Let n s (fig. 21) 
represent the north and south poles of a magnetic field, which is shown by 
the dotted lines, and always taken to flow from the north to the south 
pole. Let A B be a metallic conductor capable of being moved between 
N and s so as to cut across the lines of force. If now the conductor is 

Fig. 21. 




Elkctro-Magnetic Induction. 

moved away from the observer so as to cut across the lines of magnetic 
force, an E.M.F. will be induced m a b so long as a b is in motion and cutting 
lines. This will cause a current of electricity to flow from a to b as soon 
as the ends of a b are joined by a metallic circuit. If a b were at the other 
side of the lines of force, and were moved towards the observer, the induced 
current would be in the direction from b to a. 

We may now mention a most convenient rule, due to Dr. Fleming, for 
finding the direction of an induced current, and one that should be 
committed to memory : With the thumb and first tivo fingers of the right 
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hand forming three directions at right angles to each other y place the thumb 
in the direction of motion^ the first finger in the direction of the line offorce^ 
when the induced current tvill be in the direction of the second finger. The 
reader should apply the rule to verify the directions shown in fig. 21, 
remembering that the thumb will point away from him as a b moves away. 
The effect thus obtained by the motion of the conductor in the magnetic 
field is termed electro-magnetic induction, or dynamic electricity^ and the 
arrangement is merely one for converting energy in the form of mechanical 
motion into energy in the form of electric currents. Machines for doing 
this are termed dynamos^ or sometimes generators simply, and such devices 
convert mechanical into electrical energy. In practice there are two 
distinct kinds of current, each of which is used at the present day to a 
very large extent — one is called alternating current^ which is a current 
that flows in an electric circuit to and fro very rapidly, often reversing 200 
times per second ; the other is called continuous^ or often direct current^ 
which flows in one direction only in the circuit. We have, however, 
touched on this in connection with primary and secondary cells, which 
are only able to give direct currents. 

Later on it will be shown how this kind of current can be produced by 
the machines above mentioned, but for the present we shall confine 
•ourselves to seeing how alternating current can be produced, as machines 
for obtaining this were the first to be invented many years ago. 

Such are termed alternating-current dynamos or generators, though 
more often alternators simply. Referring to fig. 21, and what was said 
on page 26, it will be seen that if the conductor, a b, the ends of which are 
joined to a metallic circuit, is moved backwards and forwards across the 
magnetic field, induced currents, alternating in direction, will flow in a b ; 
the rate at which this alternating current reverses will depend on the rate 
at which a b moves across the lines of magnetic field. 

Precisely the same effect will be produced if the conductor, a b, is 
stationary and the field moves to and fro across it. The foregoing is the 
fundamental principle on which all alternators work, and in practice some- 
times the conductors, but now more often the field, move. The kind of 
motion adopted is of course a circular one, as presenting fewer difficulties 
than any other. 

In order to thoroughly understand the principle and action of the 
alternator, we will consider the simplest of all forms, in which, for simplicity 
only, the magnetic field is stationary and the conductor revolves. Let the 
arrangement take the form shown in fig. 22, in which the conductor is in 
the form of a wire rectangle, a b c d^ mounted on a spindle, s x, which 
rotates in suitable bearings (not shown) concentric with the poles, n s, of 
a magnet. The ends of the rectangle are connected to two metallic rings, 
r r, or pieces of brass or copper tube, which are mounted on and rotate 
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with s s, though insulated from it by ebonite bosses, and from one another 
also. On r r, press two springs or brushes, B B, connected to an external 
circuit, R. Let the position, a6 c d,oi the rectangle be called its ' zero 
position,' and suppose it to rotate counter-clockwise in the direction 
of the arrow. 

Then, since the lines of magnetic force flow almost horizontally from 
N to S, no part o{ a & e d'mm about its ' zero position ' will eut any of the 
lines, since a *and f rfare sliding through the lines, and are parallel to them, 
while a d and b c are always sliding through the lines for any position of the 
rectangle; therefore, «:? E.M.F. will be induced or current flow. The maxi- 
mum number of lines will, however, pass through ab cd'm this position. 

Now, as it turns through such a position as a'b'^it, a'fi' and <^tf are both 
cutting perpendicularly across the lines ; therefore, applying the right-hand 



Fig. 




rule on page 26, an induced E.M.F. and current will take place from a' to 
6' and from e' to d', and these. It will be noticed, coincide in direciiorv 
round the rectangle, and are a maximum for this position, since the rate 
of cutting is a maximum. Moreover, in the position a'/t'c'd" no lines ate 
enclosed, the plane of the rectangle being parallel to their direction, 

U'hen a b gets round to the position c d — i.e. after abed has turned 
through 1 80° or a half-revolution~<i b and c d are again sliding through and 
not cutting the lines of force. The amount of enclosure is a maximum, 
and the E.M.F. and current are nothing. 

The rectangle now moves into the dotted position in completing the 
third quarter of the revolution ; the limb a b, which is now moving upward 
on the right, has induced in it an E.M.F, and current from front to back> 
while e dm moving down carries a current from back to front. 
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But this is opposite in sense to what it was in the first half-revolution, 
and is a maximum when the frame arrives at the end of the third quadrant — 
t,e, when a b gets to 270° ; finally, when a b arrives at the position it 
originally started from, after making one complete turn, there is no E.M.F. 
or current. 

We see, therefore, that during the first half-turn the current flows from 
ato b and c to d, while in the second half-turn it flows from ^ to a and d 
to c. Thus, the E.M.F., and therefore the current, reverses its direction 
fzvice during each complete revolution, or is said to make one period per 
revolution, since the action in any one turn is precisely similar to that in 
the preceding one at the same position. Stating the action generally for 
any form of alternator, we have the following taking place simultaneously : 

Max, E,M,F, — max. rate of cutting — min. amount of enclosure^ 

or, 
Min, E,M,F, — min. rate of cutting — max, amount of enclosure; 

the points of reversal in all cases occurring at the points of maximum 
amount of enclosure. 

Remembering these rules, it will be easy to find the number of 
reversals per second in the more complicated and practical forms of 
alternators met with at the present day. 

In fig. 22, if ^^r^ made 1,200 revolutions per minute — i.e. -' ^J^, or 20 
revolutions per second— there would be 20 periods per second, since there is 
one period per revolution. 

The number of periods per second is called the periodicity^ or often 
the frequency^ of the alternating current. The method of collecting these 
currents and distributing them to an external circuit, R, is simplicity itself, 
and is effected by the brushes, b b, pressing on the continuous metallic 
rings, r r, to which the rotating coil is connected. 

It is, of course, very important that the rotating coil should cut as 
many of the lines of force emanating from the north pole, n, as possible. 
As, therefore, all these do not flow straight across from n to s, many of 
them which stray outside are collected and concentrated through the coil 
by winding it on a laminated soft iron drum or core, which is fixed to s s 
and rotates with it. They then prefer to follow the easier path — viz. 
through the iron core — to leaking out into the air. In all present-day 
alternators soft iron is used to direct the lines through the coils, but in 
some cases the coils are laid on the surface and not wound round the core. 

In practice it is essential to produce alternating currents, for lightning 
lamps and running electro-motors, having a periodicity of at least 40 per 
second, and often as high as 100. To obtain this with the simple arrange- 
ment of fig. 22 would mean rotating the rectangle (which we will now 
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designate by its technical name of armature) at 6,000 revolutions per 
minute. This in the larger machines in use now would be impossible, 
owing to mechanical considerations. 

The speed, however, can be kept within safe limits, and yet the desired 
periodicity be obtained, by increasing the number of pairs of poles — Le, 
instead of one pair as in fig. 22, having to pairs (20 poles) arranged alternately 
N.S.N.S.N. round the armature. In this case there would be 10 periods per 
revolution, and a frequency of 100 periods per second would be given by a 
speed of 600 revolutions per minute. The practice nowadays is becoming 
common to standardise all alternating-current circuits in this country and 
abroad to 50 periods per second, as this is too high to be visibly detected 
on electric glow lamps, and seems to suit motors better than higher 
frequencies. There are, indeed, advocates of still lower frequency for 
power purposes. Twenty-five is now used at Niagara on account of its 
supposed superiority for motor purposes and transmission, and a frequency 
of 15 is advocated by some. There are, however, many supply stations 
using 100 periods per second. 

There are three ways of increasing the E.M.F. of an alternator : 

(1) By increasing the strength of the field. 

(2) By increasing the speed of rotation of the moving part. 

(3) By increasing the number of turns on the armature. 

The last method has the disadvantage of increasing the internal resist- 
ance of the machine and also what is termed its self-induction. The 
E.M.F. generated is directly proportional to each of these — />. if the 
speed is doubled, so also is the E.M.F. ; likewise, if the strength of 
magnetic field and number of armature turns (all round the core) are each 
doubled together, the E.M.F. would be quadrupled, and so on, (i) and 
(2), however, can only be applied after the machine is wound, and (i) is 
by far the most satisfactory method of altering the E.M.F., for in a given 
alternator (2) cannot be made use of, owing to the alteration of periodicity 
ensuing from that of speed. In practical alternators the magnetic field 
is produced by pairs of electro-magnets giving north and south poles 
alternately round the armature. Since the strength of an electro-magnet 
varies within limits with the strength of continuous current flowing round 
its coils, by altering this latter the strength of magnetic field — />. number 
of lines of magnetic force emanating from it— can be altered. These electro- 
magnets are technically termed \!ci^ field magnets of the machine. 

Having discussed the principle of alternating current generation, we will 
now describe some well-known type in practical use at the present day to 
a large extent. Of course, there are many different makes and types, in 
some of which the armature revolves and field magnets are stationary, in 
others the reverse is the case, and in a third kind neither revolve, the mag- 
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netic field being made to cut the stationary armature conductors by rotating 
blocks of soft iron fixed to a kind of fly-wheel and termed inductors. 
Hence, this type of alternator is known as the inductor type, and is 
banning to be much used at the present day. The principal reason 
of this is that it is mechanically stronger than the other two kinds, 
owing, in the first place, to the fact that no portion of any electrical 
conductor rotates, and, secondly, that the only part that does is the 
inductor flywheel, which can be made as strong as is necessary. The 
alternator to be described is that constructed by the Electric Construc- 
tion Company, of Wolverhampton, and more briefly termed the E.C.C. 
alternator. In it the field magnets revolve inside the ring of armature 
coils. Fig. 23 indicates the principle on which it is built, but not the 

Fk;. 23. 




Principle of E.C.C. Alternator. 



actual construction, as space will not permit, nor is it necessary to go 
into details connected with the shape and ways of fixing the various parts. 
The part elevational diagram will, however, convey an idea of the method 
now very generally employed in producing alternating currents of con- 
siderable frequency at high pressure. On a mild steel shaft, k, is securely 
keyed and fixed a kind of flywheel, comprising a highly permeable 
(magnetically) mild steel rim, o, of sufficient cross-section to carry the 
lines of force produced by any one field-magnet coil, and supported 
or driven by arms or spokes, H, on the boss, r. To g are securely 
fixed an even number of soft iron cores, i, over which are slipped the field- 
magnet bobbins, f, wound with cotton-insulated copper wire and secured. 
These coils are all connected in series, usually in such a way that a current 
(continuous) passing through them magnetises the iron cores, i, producing 
alternate polarity, N.S.N.S.N., as shown. 
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The free ends of the whole series are connected to two continuous 
copper or brass rings fixed to the shaft, but insulated from it and from one 
another. Through two fixed strips or brushes pressing on these rings as 
they rotate with the field magnet frame and shaft k, the direct current 
from a separate dynamo called the exciter is led into the field-magnet 
coils to magnetise them. 

The Armature consists of a fixed frame of soft steel, y y, into which 
are fixed as many laminated cores, p, of the best soft iron, as there are field- 
magnet poles or coils. Separately wound armature coils of cotton-covered 
copper wire (in some cases), a b c d e, are then slipped over these cores 
and securely fixed in position. 

A little consideration will show that these coils must be connected in 
series alternately right- and left-handedly for the E.M.F.s in all of them to 
help one another at one and the same instant. If connected otherwise, 
the E.M.F. induced in one would exactly neutralise that in the next coil, 
so that no current would flow. Consider now the action that goes on in 
producing E.M.F. and current as the field magnets revolve, referring, 
of course, to fig. 23. In the relative positions of the field and armature 
coils shown, manifestly all the lines of force are flowing through the 
interior of the turns on the armature coils — i,e, the amount of enclosure is 
a maximum. Consequently, from what was said on page 29, the rate of 
cutting of the field by armature conductors at this instant is zero, and 
therefore the E.M.F. at this instant is also zero. Now, when the field coils 
have turned through a distance equal to half that between two consecutive 
armature coils (commonly termed half the pitch), so that each field pole is 
halfway between two consecutive armature coils, the rate of cutting is a 
maximum, as there is no enclosing, therefore the E.M.F. is a maximum. 
Further, when the shaded field coil, n, is opposite d, there is no E.M.F. 
again in any of the armature coils. Similarly, as this field pole, n, moves 
on from opposite d to e, the E.M.F. induced rises from zero to a maximum 
(midway between d and e), and then goes down to zero again ; but with 
this difference, that, as n moves between c and d, the induced E.M.F., 
and therefore the current, is in one direction, while from d to e it flows in 
the opposite direction. After e the action simply repeats itself in exactly 
the same manner. 

Thus, as the field magnets revolve, an alternating current is gene- 
rated which can be distributed to any circuit connected with the 

machine. 

For a given speed, the greater the number of turns of conductor on 
ABODE, the greater will be the E.M.F. ; while the current which it 
is safe to draw from the machine will depend on the sufficiency of cross- 
section of copper in that conductor. 

The periodicity per revolution will be equal to the number of pairs of 
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field poles, or, which is the same thing, to the number of pairs of armature 
coils. 

The number of field-magnet poles in alternators at the present day varies 
with the type and maker, and may be any number up to 60. 

The dotted line in fig. 23 represents the approximate mean path of a 
line of magnetic force through one section of the field magnets and Brma- 
tuie. This is unbreakable so long as the field is excited or magnetised. 




E.C.C. SlHCLI 



Consequently it revolves as the field-magnet frame revolves, so cutting the 
conductors in the coils a u c. . - ■ 

The distance, d, between iron of field cores, i, and iron of armature 
cores is made as small as possible so as to reduce the resistance to the 
passage of the lines of force and diminish the amount of exciting current 
required. 

The power used in exciting the fields has by careful design been reduced 
at the present day to i per cent, or less of the total useful output of the 
machine, while the efficiency may be as high as 96 per cent, in the case of 
large machines. 
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Fig. 24 shows the general appearance of an E.C.C. alternator, the 
principle of construction of which we have just been considering. 

The size of these machines varies enormously, but they are now made 
up to 40 feet in diameter and in some cases run to upwards of 100 tons in 
weight. 

The E.M.F. may range up to 30,000 volts for very long distance trans- 
missions of electrical power, a common voltage in this country being 2,100 
volts, the output ranging up to 2,000 kilowatts or more. 

The alternating current which we have, up to the present, been consi- 
dering is known as a simple, mono-phase^ or single-phase one — i.e, there 
is only one current and one circuit, consisting of two conductors side by 
side, in which it flows. 

There are, however, what are called multiphase or polyphase alternating 
currents (as they are variously termed), which are not so simple, from the 
fact that in them one is dealing with more than one cunent at the same 
time in a circuit consisting of three or more conductors running side by side. 

As such currents are coming into extensive use in this country, but more 
especially abroad, we will consider how they are produced, transmitted, 
and employed for useful purposes. 

In reality a polyphase current is a combination of two or more single- 
phase currents, and in practice two such combinations only are at present 
employed — namely, two-phase alternating currents and three-phase alter- 
nating currents. Let us first consider — 

Two-phase Alternating Currents. — ^These are generated on the 
same principle as single- phase currents, and if an equal number of similar 

Fig. 25. 
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Principle of (Jeneration of Two-phasi!. Currents. 

armature coils be fixed side by side with those shown in fig. 23, but half 
the angular length of a coil in advance, then if these are connected to- 
gether like the other set between a second and separate pair of terminals, 
the arrangement will generate two-phase currents providing both sets are 
acted on by the rotating field. In fact, single- and two-phase alternators 
have the same outward appearance, and the only material difference is that 
in the two-phase machine there are just twice as many armature coils as 
there are field-rtiagnet poles, while the armature coils are arranged in two 
distinct sets entirely separate (electrically) from each other. Fig. 25 will 
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make this clearer, and represents- part of the lield magnets and armature 
laid out straight. One set, a a a, consists of alternate coils connected in 
series with each other between two terminals and forms one of the phases. 




The other alternate set of coils, b b, is likewise connected in series tc^ether 
between two other terminals and forms the other phase. We therefore set 
that there are practically two distinct armatures in one, and that each is 
acted on inductively in turn as the field poles pass them. Succeeding coils 
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of both phases are wound right- and left-handedly as in the single-phase 
alternator. Now, in the position shown (fig. 25) these field poles (still 
arranged N.S.N, round the ring and shown dotted) are opposite the set 

of coils AAA. 

It will therefore be seen that * set a ' is enclosing a maximum amount, 
whereas ' set b ' is not enclosing lines at all, but cutting them at maximum 
rate. . Hence the E.M.F. of windings or phase a = o, and that of b is a 
maximum. 

Now, when the field poles have moved on into the position midway 
between the poles of * set a ' — />. just a quarter period — ^the E.M.F. of phase 
B=o and that of a is a maximum. The same distance further on, the E.M.F. 
of phase a again = o and that of b is a maximum. The E.M.F. continues 
to alter periodically in a precisely similar manner, but in the opposite 
direction in the second half period. 

Thus two separate single-phase alternating currents are generated which 
differ in phase — i,e. the times of maxima and minima — by 90°, or one is a 
maximum when the other is zero, while at any intermediate position each 
has a certain value. These two E.M.F.'s are said to be in * quadrature,' 
and we may liken them to the cranks of a compound steam-engine set one 
90° in advance of the other. 

In the system of generation of two-phase current depicted in fig. 25, 
the periodicity will, of course, be reckoned in exactly the same way as for 
the single-phase machine, and will be equal to half the number of field 
poles or armature coils of either phase per revolution. There are, of 
course, other ways of winding the armature of a two-phase alternator, 
equally good as the one described. It will suffice, however, for our 
purpose to give merely the preceding one. The outward appearance of 
such a machine is shown in fig. 26. 

Three-phase Alternatingf Currents. — We will now briefly con- 
sider how these can be generated ; but instead of using the preceding form 
of construction and winding on the armature, it will be easier to see the 
principle on which such currents are generated if what is termed a * wave * 
winding for the armature be employed. Fig. 27 represents the plan of a 
portion of such an armature, together with a few field poles (shown dotted), 
both laid out flat In the actual construction the field magnets may be 
internal to the armature and rotate, the latter being stationary, or this may 
rotate internally with regard to the fixed field. In either case the field 
poles are alternately N.S.N.S. round the ring, as is usually the case. 

The armature consists of three distinct circuits or sets of conductors, 
I I, 2 2, and 3 3, wound in wave form and fixed to the inner periphery of 
the fixed laminated soft iron shield or frame of the machine, as were the 
coils A B c to Y in fig. 23. In fig. 27, the conductors cut by the field as it 
rotates in the direction of the arrow are the vertical bars shown, the hori- 
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zontal ones completing the ' waves ' being merely side connections, which 
in reality do not extend beyond each other, though shown doing so of 
necessity for clearness. 

Now, the distance a d corresponds to a period, or twice the pitch of the 
field poles, and it will be noticed that each of the three circuits is just ^ of 
theperiod,or3ofthepitch, in advance of the next, Qxab = bc = cd=\ad. 
At one end, say b, the three circuits have their ends joined together, which 
junction, as we shall see later, may be connected to earth — i.e. the nearest 
gas or water main or well-sunk earth plates. In the position of the 
aimature shown, no part of circuit i i is in the field ; hence the whole 
circuit is inactive and is generating no E.M.F. Both 2 a and 3 3 are, 
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however, cutting magnetic lines of force, and will therefore be generating 
E.M,F. 

Applying the hand-rule on page 26 for finding its direction, and re- 
membering that the field moving from a to b is equivalent to its being still 
and the conductor moving from b to a, we see that the E.M.F. at this 
position of the period is in the direction of the arrows. It should also be 
noticed that the direction in a conductor passing a north pole is opposite 
to that in a conductor of the same circuit passing a south pole, lliough by 
winding in wave form they coincide in direction throughout the circuit. 

As the rotation proceeds, 1 i begins to generate E.M.F., while that in 
3 3 dies away, and so on, while at certain positions there are E.M.F.s 
generated in all three circuits. If, now, the three terminals of this three- 
phase alternator which are connected to the three remaining free ends of i i, 
2 2, and 3 3 are connected to the necessary three mains, a three-phase alter- 
nating current will flow— »>. currents which attain their maximum strength 
in each of the three mains successively and periodically, the difference in 
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the times {i,e, difference in phase) of attaining their maximum values being 
equal to one another and to one-third of the periodic times of each of the 
three circuits. 

The foregoing explanations connected with the generation of single-, two-, 
and three-phase, or, as they are sometimes called, mono-, bi-, and tri-phase 
alternating currents, will probably enable the reader to grasp the prin- 
ciples that underlie their production ; but for a more detailed treatment of 
them reference must be made to standard works dealing with this subject 
in particular — as, for instance, S, P. Thompson's * Polyphase Electric 
Currents ' (Spon) ; G. Kapp's * Alternators, Motors, and Transformers,' &c. 



Direct-current Dynamos. 

The three kinds of alternating current which we have been considering 
are very suitable for the transmission of a large amount of electric power 
over long distances owing to the facilities they afford of operating at high 
pressures. 

. There are, however, some functions which cannot be performed by 
them, such as the charging of secondary cells and all electrolytic work. 
For this a unidirectional current, or, as it is usually termed, a direct or 
continuous current, referred to on page 27, must be used, and we shall 
now consider how this is generated. 

When dealing with the simple form of alternator (fig. 22), we saw that 
the current in the rotating armature coil, a b c d^ reversed twice in every 
revolution when the plane of the coil was perpendicular to the lines of 
force, and, furthermore, that in this position no E.M.F. was generated in 
the coil. A little consideration, however, will show that if the ends of the 
coil could be interchanged with respect to the external circuit or brushes, 
any such circuit would receive a current which, though fluctuating from 
zero o a maximum, down to zero again, and so on, would nevertheless be 
uni-directional in its flow round the external circuit connected to the 
brushes, that in the rotating coil still being alternating. This interchange 
is effected by a device known as a commutator or rectifier^ and the current 
so obtained in the external circuit as a commuted, rectified, alternating-, 
continuous-, or direct-current respectively. 

The commutator in its simplest form consists (fig. 28) of a short length 
of brass or copper tube split axially and mounted on a shaft from which 
it is insulated ; the two parts /and h^ called segments^ being insulated also 
from each other by suitable strips of insulation, 1 i, which make the surface 
truly cylindrical. This two-part commutator, as it is called, is fixed to the 
shaft in such a position that the plane of the armature coil includes a line 
joining the centres of i i. 
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The two brushes press on the commutator, as the whole rotates, in a line 
perpendicular to that in which the magnetic field flows and on a diametrical 
line. Thus, at the instant when the induced E.M.F. in the loop changes 
its direction, the brushes slide across from one segment to the other, 
and thus the current, while reversed in the loop, is left flowing in tiio same 
direction as before in the external circuit. 

This, then, is the principle of commutation and method of obtaming a 
direct current, which, as we see, originates from an alternating one in the 
first instance. It has already been observed that the armature conductors 
must be wound over or on iron to ensure that as many lines of force as are 

Fig. 28. 




Principle of Generation of Direct Currents. 

due to the field magnets pass through the interior of the coil, for then the 
same number will be cut by it. 

Consequently, in the simple alternator or direct-current dynamo, figs. 
22 and 28, the turn or turns, such 2& abcd^ are wound over a well-laminated 
core of soft iron, consisting of a number of thin circular discs of the best 
and softest Swedish charcoal iron, threaded over the shaft and keyed to it 
after having been previously clamped together so as to form a cylindrical 
drum called the armature core. The arrangement of core and conductor 
is then typical of one of the most important kinds of armatures — viz. drum- 
wound armatures. The object in using a laminated core instead of a 
solid one is to diminish as much as possible induced currents set up in it 
as it revolves in the magnetic field, for, since the discs are lightly insulated 
by varnish or other means from each other, these induced Eddy or Foucault 
currents, as they are variously termed, which circulate in paths or planes at 
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right angles to the lines, have no room to flow in and are therefore almost 
eliminated. 

There is, however, another extremely important type* of armature in 
which the coils are wound round a laminated soft iron ring or cylindrical 
ring core, and which are termed ring-wound armatures. 




Principle of Ring Winding. 

Such an arrangement is shown in fig. 29, in which a coil of one or more 
turns (two shown) is wound on the laminated ring core, i, of iron and con- 
nected to the two-part commutator,/ h. The dotted lines represent the path 
of the lines of force, which split up into two parts, and if the core is of 

Fig. 30. 




Two-pole Double Magnetic Circuit Ring-wound Dynamo. 



sufficient section to carry them easily, they are nearly all directed through 
the coils or are cut by them. Now, it will be evident from the considera- 
tions (page 28) that the electro-magnetic action is the same at opposite ends 
of a diameter at any and every part of the revolution. This fact enables a 
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coil, B, to be wound and connected as shown (fig. 29), which gives the 
advantage that the internal resistance of the armature (i>. that between the 
two brushes) is now only half what it was before owing to the two coils 
being in parallel as it is called. The total E.M.F., however, only equals 
that produced by one coil if both have an equal number of turns. 

The E.M.F., and therefore the current given from a dynamo like that in 
fig. 29, fluctuates too much to serve any practical purpose. This fluctua- 
tion, however, can be diminished as the number of pairs of coils and 
commutator segments is increased, and we can go on winding pairs of 
.opposite coils, each pair being provided with a two-part commutator. We 
then come to such an arrangement as that shown in fig. 30, which repre- 
sents an eight-coil ring- wound armature with its eight-part or segment com- 
mutator against which the two brushes, b b, press as it revolves and collect 
the currents, now much more continuous or less fluctuating in nature. 

Now, the brushes, b b, divide the total number of armature conductors 
into two parallel circuits, which always generate equal E.M.F.s. The actual 
E.M.F. at the brushes, since there are two parallels, is only equal to that 
induced in the conductors on one half of the core, hence we are at once 
able to obtain a formula expressing this E.M.F. in terms of certain 
quantities. 

Let C = the total number of turns on the periphery of the core. 
N = the total number of magnetic lines entering the core. 

n = the speed in revolutions per second. 

n 

Then the E.M.F. (E) generated is that due to - conductors cutting 

2 N lines per revolution, since the whole number are cut as any coil, such 
as A, fig. 29, moves through the first half turn, and again in the second 
half turn. 

Therefore the total rate of cutiing of lines by conductors is 

r 

X 2N X « = C.N.«. 

2 

Hence E = -_ - volts, 

10'* 

where 10* is the number of lines which a conductor must cut per second to 
produce i volt of E.M.F. This last relation is a fundamental one of great 
importance. 

It thus becomes possible to utilise the whole or a portion of the con- 
tinuous current generated by the armature for exciting the field magnets. 

Referring to the last equation, we see that E will be increased by 
increasing C, N, or ;i ; but there is a practical limit to increasing C and n, 
the former owing to the serious increases in the armature resistance 
caused, the latter owing to mechanical considerations and safety. 



42 



ELECTRICITY AS APPLIED TO MINING 



N, the field, is the best factor to increase, and it will depend on the 
section and quality of the iron of the field magnets, on the number of 
turns of exciting coil, and on the strength of exciting current. 

There are a great variety of different forms of field magnets in use at 
the present day, one of which, known as the double magnetic circuit type, is 
shown in fig. 30. Another important form is the single magnetic circuit 
'over' and ' under ' types, of which the former is depicted in fig. 31. 

FIG. 31. 
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j- A Two-pole Dynamo Machihb. 



All these are two-pole machines, but direct -current dynamos are made 
extensively at the present day with more than two poles, in some cases with 
as many as twelve or sixteen, and are then termed multipolar generators. 

These machines are in effect a combination of several two-pole dynamos, 
and the armatures may be regarded as consisting of sets of windings each 
with its own pair of brushes and pair of poles. In this way a machine 
of large output is obtained with considerable economy in material ; the 
same cycle of changes occurs in an armature coil passing between alternate 
poles of a multipolar dynamo as in an entire revolution of a bipolar 
machine ; and in the case of alternators a complete period or cycle con- 
sisting of two alternations takes place in the time taken by any armature 
coil in passing between alternate poles. The number of periods per second 
of such a machine is found by multiplying the number of revolutions per 
second by the number of pairs of poles. 

But whatever the form of the magnets, they are always wound with 
exciting coils in one of three ways, giving rise to what are termed — 
Series- wound dynamos, 
Shunt-wound dynamos. 
Compound- wound dynamos ; 

and these we will consider now somewhat in detail. 



SERIES, SHUNT, AND COMPOUND DYNAMOS 



43 



The Series DynSLtno takes its name from the fact that the field 
magnets are wound with a few turns of thick insulated wire of low resistance, 
connected in series with the armature, and carrying the whole current 
generated. Fig. 32 shows the arrangement diagrammatically. Machines 
so wound are most suited to supplying electric glow lamps or arc lamps 
(shown by the stars) in serieSy at constant current but varying E.M.F. : 
or for driving a single series wound motor at a constant speed. 

The Shunt Dynamo takes its name from the fact that the mag- 
netising coils are wound with a large number of turns of thin insulated 
wire, having a large resistance and connected in parallel or as a s^unt to 
the armature. They only carry a small fraction of the total current generated 
by the armature. Fig. 33 shows the arrangement, r s s being appliances 
in the external circuit which are now connected in parallel with one another 



Fig. 32. 



Fig. 33. 



Fig. 34. 
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Shunt-wound Dynamo. Compound-wound Dynamo. 



and with the armature and shunt coils. In this case the voltage is the 
same, roughly, on all the appliances in the external circuit, but the total 
external current equals the sum of all the currents taken by them respec- 
tively ; hence this kind of machine is suitable for supplying circuits at 
constant voltage and varying currents — e,g, glow lamps, arc lamps, motors, 
&c., in parallel. 

The Compound Dynamo takes its name from the fact that its 
magnets are wound partly with series, and partly .with shunt coils, both of 
which help each other to magnetise them. Fig. 34 shows the arrangement, 
the object being to secure constancy of terminal voltage as the current 
taken by the circuit varies. 

In the series machine the E.M.F. rises, while in the shunt dynamo it 
falls slightly, as the current in the circuit rises. 

By a suitable combination of these two kinds of field magnets, the 
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E.M.F. is kept constant for all currents ; and this fact is highly desirable 
when supplying glow lamps and other appliances in parallel. 

There are two ways of connecting the coils of a compound- wound 
dynamo, as follows ; 

Short sfmnt,'m which the ends of the shunt coils are joined direct to the 
armature terminals or brushes, and 

Long shunt, in which they are joined to the extremities of the armature 
and series coils combined. The short-shunt connections are shown in 
fig. 34, but the long shunt is the common practice and best for obtaining 
constancy of E.M.F, 

A 5-kilowatt ' Bytig-Hawkins ' direct-current dynamo, giving an E.M.F. 
of 220 volts, is shown in fig. 35. It is of the over type, with single mag- 
netic circuit. 

Fio. 35. 




Fig. 36 shows a six-pole ' Byng- Hawkins' direct-current dynamo coupled 
direct to a ' Browett & Llndley' enclosed high-speed compound self- 
lubricating engine, both being on one common bed-plate. These sets 
are made up to an output of 240 k.w. and upwards by the General Electric 
Co., London. 

We will now deal with a few important general considerations con- 
nected with direct-current dynamos. In present-day machines it is usual 
to have as many brushes as there are poles in the field magnets, equally 
spaced around the commutator. This in large multipolar machines may 
have as many as 360 to 400 copper segments with a diameter of 1 foot or 
more. The brushes are capable of an angular motion on a frame, and 
when set so that there is no sparking at their points of contact with the 
commutator for no external current but full voltage, they s 
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require to be given a slight forward angular motion, or lead as it is 
called, in the direction of motion to collect the current sparklessiy. 

As each coil of the armature passes from the influence of one magnetic 
6eld to that of the next of opposite polarity there is a point at which 
the KM.F. passes through its zero value, and if the coil be short- 
circuited no current will pass. This is the point at which the brush is 
placed ; for, since the brush rests on more than one commutator segment 



Fig. 36. 
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at the same time, the coil or coils attached to those segments are short- 
circuited through the brush as they pass under it If a current flows in 
them at this moment it will be suddenly interrupted when the brush leaves 
one of the segments, and the result will be a spark due to the ' inertia ' of 
the current, which always tries to leap across any gap suddenly introduced 
into its path. As the load on the machine increases, however, the increased 
current flowing in the armature produces a magnetic field of its own which 
combines with the field formed by the poles, producing a resultant distorted 
field ; the greater the current in the armature, the greater the distortion of 
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the field. This effect is known as armature reaction^ and its result is to 
alter the position of the coil, in which no electromotive force is being pro- 
duced, and consequently the position of the line of sparkless commutation 
as the load increases. In cases where large and sudden changes of load are 
frequent, as in the case of a mine generating plant supplying a large number 
of different motors for various purposes, this is a great disadvantage, and 
care should be taken to obtain a machine in which this effect is made as 
small as possible by the weakening of the armature field or other appropriate 
means. It is common to specify that no change in the position of the 
brushes shall be necessary from no load to full load, or even to a consider- 
able overload. If the brushes do require regulating, it is important that 
the ' lead ' should be altered as the load changes, and sparking thereby 
prevented. 

The commutator should be kept smooth and clean, and if any segment 
wears flat it must be at once remedied and the cause removed. The cause 
may be due either to the softness of the copper or to sparking at this 
segment, &c. 

An electrical generator, whether alternator or direct current dynamo, 
should be easily able to do its work, and this to a large extent can be 
determined before it is installed by running it at full load for six hours, say, 
and then measuring the temperature of the armature, field-magnet coils, 
and commutator. This can be done by placing a fairly delicate thermo- 
meter, having preferably a thin cylindrical glass bulb, on the surface 
of either or each of these parts, and covering the bulb and part of the 
stem with cotton wool to prevent draughts of air affecting it. 

The maximum limit in temperature should not exceed 50° C. for the 
armature and field coils, and about the same for the brushes and com- 
mutator. That of the bearings and other parts should not exceed 40° C. 
The best makes of machines, however, never attain these values, and, 
indeed, it is very desirable that they should not. 

It is a great temptation to constantly overload a dynamo or motor if it is 
found that it will stand it, till it reaches much higher temperatures than this ; 
but though this may often be done without an immediate breakdown, it has 
the effect of decreasing the power of resistance of the insulation to shocks 
caused by sudden rises of pressure which occur during the working of a 
machine, and which may then cause a breakdown at any time even when 
the machine is not overloaded. Mica is less liable to damage by heat 
than organic insulating materials. 

Elementary Principles of Alternating Current 

On pages 28 and 29 it was shown how an alternating E.M.F. is 
generated and how it rises from zero to a maximum, then down through 
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zero to a negative maximum and back to zero again as the armature con- 
ductor passes a pair of poles. This action is conveniently represented by the 
diagram (fig. 36 a), where time is measured along the line o x and E.M.F. 
and current along the line o y ; the curve v v v represents the rise and fall 
of E.M.F. The volts measured on a voltmeter are not the maximum 
voltage represented by the height of the peak of the curve, but what is 
known as the virtual voltage, which represents the average effect of the 

fluctuations and is equal to the maximum voltage divided by \/ 2 ; thus, 

V = V -T- y/2 = 707 V 

virtual maximum maximum 

If a voltmeter be applied to a circuit which is alternating between 
plus 100 and minus 100 volts it will read 707, and a unidirectional voltage 

Fig. 36A. 
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Alternating E.M.F. and Lagging Current. 

of 707 would have to be applied to give the same reading. Insulation, 
however, would have to be provided to resist 100 volts. 

In dealing with alternating currents, the phenomenon known as se^- 
induction or sometimes as electrical inertia becomes of great importance ; 
it depends on the magnetic field produced by the current (see page 3), 
which always opposes any change in the current passing through a circuit. 
The effect on an alternating current is to make the current lag behind the 
E.M.F. and also to decrease the strength of current flowing. Fig. 36 a 
represents a current lagging behind the E.M.F. by a part of a period 
on account of self-induction in the circuit. It will be seen that the 
current does not reach its maximum value until the E.M.F. has begun 
to fall again. Wherever in a circuit there are coils of wire wound 
round iron cores, as in all dynamos and motors, this effect becomes marked, 
and the greater the self-induction the greater is the lag of the current. 

The result of this lag, as can easily be seen from the diagram, is 
that during a certain part of the time the current and E.M.F., instead of 
being both positive or both negative, are of opposite sign, and instead of 
their product representing useful power, exactly opposite is the result 
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during that part of the period in which they are in opposition, the effect 
being that instead of getting the power in the motor represented by 
amperes x volts as in a continuous current (see page 8), the actual power 
obtained is something less than this, and is obtained by multiplying the 
apparent power or volt amperes by a fraction known as the power factor^ 
which is usually represented by cos ^ (being the cosine of a certain 
imaginary angle called the angle of lag). Thus we have 

Power = W = A . V . cos <^. 

It must be remembered, however, that this does not represent a waste 
of energy in the motor (except so far as the extra current required heats 
up the conductors), since the power required to drive the generator is also 
only A . V . cos ^. Another way of looking at it is to regard that part of 
the current which is ' out of phase ' with the E.M.F. as wattless or idle 
current, which requires no power to generate it, and gives no power to 
the motor, its only effect being to cause heating in the conductors, thus 
necessitating larger cables for a circuit with a low power factor. The 
real power of an alternating circuit may be measured by means of a watt- 
meter. 

It was stated on page 7 as Obm^s law that the ratio of potential 

difference to current in any circuit at constant temperature is a constant 

Y 

quantity called the Resistance, or R . = This law does not hold good 

A, 

V 
/or alternating circuits having self-induction, R . = - then denoting the 

A 

effective circuit resistance to the passage of the current and not merely its 

ohmic resistance as with direct currents. 

Electro-Motors. 

We must now deal, in some little detail, with that most important 
class of electrical machine for converting the energy in the form of the 
electric current flowing through it into energy in the form of mechanical 
motion ; in other words, with the electro-motor^ which is now so widely 
used. 

There are two main classes of electro- motors, viz. : 

Direct-current electro-motors. 
Alternating-current electro- motors. 

The latter may be subdivided according to whether the motors are to work 
with single-^ two-y or three-phase alternating current, when they are termed 
single-phase or polyphase alternating-current motors. 
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We will next consider the principle upon which electro-motors act, 
and will deal first of all with direct-current electrihtnotors. The action 
of these depends on the following extremely important fundamental 
principle — ^namely, that if two different magnetic fields are under the influence 
of one another^ one being fixed and the other mavabte^ this latter will move 
so that as many of its own lines of force as possible coincide in direction with 
those of the fixed field. This is true no matter how the two fields are 
generated, whether by simple bar magnets or coils of wire, or whether 
even both are movable. The force tending to move the material substance 
producing the movable field increases as one or both fields get stronger. 

Turning now to an elementary application of the foregoing principle, 
we will consider fig. 29. Assuming, of course, that a magnetic field is 
flowing between n and s, and that a direct current is sent through the 
two coils in parallel by means of the brushes pressing on the commutator, 
there will be no force acting on the coils, tending to turn them, if the 
lines of force they produce coincide in direction with those of the fixed 
field for the position shown. If, however, the current is reversed, the two 
sets of lines will be in direct opposition, and, providing the fields are 
strong enough, the coils or armature will make a half-turn, so as to pro- 
duce maximum coincidence ; but at the end of this half-turn the current 
is again reversed by the commutator, so that the armature moves through 
another half-revolution, and so on, a continuous motion being the result. 

With only two coils the armature may come to rest at a dead point and 
not be able to start of its own accord. This, however, can be avoided by 
increasing the number of coils and commutator segments, when the 
arrangement shown in fig. 30 will be obtained. When a current is sent 
through such an armature, each coil tends to set itself with its plane 
perpendicular to the direction of the fixed field where the coincidence of 
the two sets of lines is a maximum. 

But as soon as a coil gets into this position the current in it reverses, 
causing it to turn through a further half-revolution. Thus a uniform 
driving force is obtained, and we see that the so-called electro-motor for 
direct currents is merely a direct-current dynamo used the other way 
about — i,e, supplied with current. It does not follow that all direct-current 
dynamos run as efficiently when used as motors. They may or may not, 
but in any case the proper voltage must be supplied to them, which mgy 
be found as follows : Run the machine as a generator at the desired 
speed and note the E.M.F. generated on open circuit. The pressure 
necessary to run the motor on any load at the same speed will be this 
pressure plus that required to overcome the internal resistance of the 
motor, which is equal to that resistance multiplied by the current taken by 
the motor at that load. 

Since there is little or no difference between a motor and a dynamo, 

E 
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what was said a few pages earlier oh the latter applies equally well to the 
former. The armatures are almost always either ring or (frum wound 
and the field magnets may be either series^ shunt, or compound wound. 
It is in connection with these latter windings that any particular direct- 
current motor is spoken of as a ' shunt motor,' or * series motor.' 

Now, it is only while the armature of any motor is stationary that 
Ohm's Law (page 7) can be applied for finding the current which a given 
voltage can send through the resistance. 

As the armature rotates in the magnetic field an independent action 
goes on apart from the driving current circulating in the conductors. 
This is due to the conductors as they rotate cutting the lines of force 
produced by the fixed field, an E.M.F. being thereby generated which is 
opposite in direction to that of the supply and opposes it The term 
' Back E.M.F.' has therefore been given to it : its effect is to oppose and 
diminish the current which the driving E.M.F. is trying to force through 
the motor. This back E.M.F. has a most important influence on the 
regulation of electro-motors in general, and the action that occurs is as 
follows : 

When the current is switched on, and just before the motor starts, it 
rises at once to its full strength — (the starting rheostat necessary to pre- 
vent overheating before the armature begins to revolve is referred to on 
page 117) — determined solely by the total resistance of the main circuit — 
i.e, by Ohm's Law, 

As, however, the armature gets up speed, it generates a back E.M.F. 
which acts in opposition to the E.M.F. of the supply, and is in direct pro- 
portion to the speed. The current is thereby reduced as the speed rises, 
and if the motor is unloaded the speed will increase until the back E.M.F. 
nearly equals that of supply, the difference being the pressure requisite for 
sending the reduced current to overcome the losses and frictions in the 
motor and circuit. If the motor is started on load it will take a pro- 
portionately larger current when in motion than when running 'light' with 
the same driving E.M.F. at its terminals, and the back E.M.F. will be less 
if the speed is the same. 

Now, it can easily be shown that the Torque of an electro-motor is 
proportional to the field strength and to the armature current^ and the 
greater each of these the greater will be the torque. The torque is the 
moment of the force causing rotation, and equals the total force at the 
surface of the armature multiplied by radius of armature. 

Since, therefore, at starting we get maximum current in an electro- 
motor, we also get maximum torque, while in a steam-engine, neglecting 
* variations of cut-off' and *wire drawing,' we get equal torque both at 
starting and at full speed. 

The speed of any motor will be increased by increasing the armature 
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current or diminishing ihe field current ; the former can be accomplished by 
having a main-circuit rheostat or resistance in series with the armature, 
when, by diminishing this resistance, an increase of current and speed will 
result, and in shunt- and compound -wound motors one in series with the 
field as well, when by increasing the shunt-circuit resistance the shunt 
current, and therefore the field, is diminished and the speed increased. 

From the foregoing remarks it will be evident that the series motor 
always exerts maximum torque at starting, while the shunt and compound 
motors will only do so providing the field windings are so connected to 
the circuit that the shunt is fully excited before the armature current is 
switched on. 

Fig. 37. 




A series motor suddenly relieved of its load begins to race until 
sufficient resistance is added to the circuit, while shunt and compound 
motors only slightly increase their speed when the load is removed, the 
reason being that the back E.M.F. rises rapidly, cutting down the armature 
current, which in the series motor is also the field current. 

Let us now briefly consider the conversion of direct-current dynamos 
into electro-motors. 

A Series Dynamo, run as a motor, will run against its brushes unless 
the terminals of either the armature or field magnets be intercharged with 
regard to the circuit. 
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A Skunt Dynamo, run as a motor, always runs with the brushes, for 
either the armature or shunt currents have reversed in direction, which is 
equivalent to intercharging the terminals of either. 

A Compound £>ynamo may run either with or against its brushes 
according to whether the shunt or the series coils respectively preponderate 
in strength. 

In every case, therefore, it will be seen that in order to run a dynamo 
as a motor in the same direction — i.e. with the brushes — the current in 
either the annature or the field coils must flow in the opposite direction. 

The efficiency of electro-motors should be as high as possible, but 
economy in first cost should not be sacrificed unduly to economy in 



Fig. 38. 
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working, and in large machines, where the power lost through inefficiency 
might be considerable, the commercial or net efficiency, which is 
_ total power given o 

total power put in 

The difference (power put in)— (power given out) should, therefore, be 
as small as possible. It is made up of the losses in the iron and by friction, 
and also in the copper circuits, and, as we have seen (page 7), if A = arma- 
ture current and R its resistance, then 



A*R = wai 



; lost in armature coils. 
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Similarly, d^r = — =watt;s lost in shunt coils when a =s shunt current, 

r =s shunt resistance, and £ =£.M.F at the shunt terminals. 

Electro-motors take a great variety of forms. Fig. 37 shows a four-pole 
direct -current motor of the * Byng- Hawkins ' type, made by the General 
Electric Company of London. Fig. 38 shows an enclosed ventilated one of 
the same make, for working in dusty situations. 

Alternating-current Electro-motors. 

These may be divided into two classes — namely, {a) Single-phase 
Motors ; (p) Polyphase or Multiphase Motors. The former may be again 
subdivided into (i) Synchronous motors ; (2) Induction motors ; (3) Series 
motors ; (4) Repulsion motors ; and (5) Combinations of these. 

Any single-phase generator may be used as an alternating-current motor 
by first starting it, by means of an engine or other motor, up to such a speed 
that the periodicity of the induced E.M.F. is equal to that of the alternating 
supply, and the E.M.F. opposite and about equal to that of the supply. 

Then on switching on the current it will run as a motor without the 
aid of the machine which started it up, and do mechanical work. 

There is, however, one peculiarity about it — namely, that it will run dead 
synchronously with the generator for all loads — Le. half the speed of the 
latter will give half the speed on the motor, and so on. 

This is called a synchronous single-phase alternating-current motor, 
and it is efficient but not self-starting^ which is the great disadvantage of it. 
Another is that the field magnets have to be separately excited by some 
direct-current source, as they were when it was used as a generator. 

The second type is a specially built motor which is self-starting but 
non-synchronous ; it is called an induction motory because the principle of 
action is one of induction in the coils on the moving part, to which there is 
no electrical connection whatever. There is, therefore, no possibility of 
sparking, owing to the entire absence of commutator, collecting rings, or 
brushes. The main disadvantage of these machines is that they are less 
efficient, power for power, than direct-current machines, and, moreover, will 
not start on load without taking an abnormal current for a few minutes. 

Where polyphase current is available, neither of these types (i) and 
(2) is so useful as the polyphase motor; the third tjrpe, however, the series 
motor, has lately been brought forward as a promising competitor of the 
polyphase motor under certain conditions. 

The single-phase series motor is similar in construction to a direct- 
current series motor, and has similar characteristics as regards starting, 
torque, and speed regulation, in which respects it is superior to the three- 
phase motor, but it is inferior in that it has a commutator at which there is 
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considerable sparking. It has rather a lower efficiency, and it cannot be 
used with high voltages at the motor terminals, or with high frequencies. 

The method of speed control is, however, an economical one, which 
is a decided advantage where frequent starting and stopping under load is 
required. A high voltage may be brought to a transformer regulator ; the 
current for the motor is taken from the low-pressure side of this transformer, 
and by varying the ratio of transformation a variable voltage at the motor 
terminals is obtained without the use of wasteful resistances, thus obtaining 
an economical method of speed regulation. These characteristics render 
it especially suitable for electric traction. Quite recently it has been 
decided to electrify a short section of the London, Brighton, and South 

Fig. 39. 




Lahmeybr Motor. Diagrammatic View 



Coast Railway with single-phase alternating currents, using single-phase 
motors on the trains. 

As is well known, this kind of electric traction requires a maximum of 
torque at starting, so that the development of this property in such motors, 
coupled with the greater simplicity of single- phase, as compared with 
polyphase, alternating currents, should have a very important bearing on 
electrical engineering and the application of electricity to winding, hauling, 
&c. in mining work. It would be possible to use small motors of this kind 
on one phase of a polyphase system. 

The fourth type, the repulsion motor, need not here be considered. Its 
most important application at present has been in alternate -current meters, 
though great improvements have lately been made in combinations of the 
principles of the series and repulsion motors for traction work. 



LAHMEYER MOTOR 



Lahmeyer Motor. 

A single-phase motor is now made by the Lahmeyer Electrical Com- 
pany, and is known as their DsG type for heavy starting torque. 

The principle on which the Lahmeyer motor is built is shown diagram- 
matically in tig. 39, a side sectional elevation being given in fig. 40. It 
consists of a well-laminated stator composed of soft iron rings held by, 
and enclosed in, an exterior cast-iron shroud. The stator main windings 
F, and either/., or /„ are the only ones connected to the supply mains, 
and, being on a fixed portion of the motor, can be well insulated. 



-1^ 




Lahmeyer Motor. Sectional Eleva' 



The rotating interior or rotor is similar to a direct-current armature, 
being provided with an ordinary commutator at one end, and three slip 
rings (connected to three equidistant points on the rotor winding), at the 
other. The brushes pressing on the commutator are short-circuited 
throt^h a resistance, w, and the slip rings are connected to an ordinary 
three-phase starter, a. The motor is a combination of a repulsion motor 
and an induction motor. 

The repulsion motor gives a large starting torque at starting, which 
fells off as the speed increases. This is indicated in fig. 41 (curve II), 
which shows the relation between starting torque and speed. With the 
induction motor the startir^ torque increases with increase of speed up to 
a certain maximum limit, after which it rapidly diminishes, as seen in 
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curve L The Lahmeyer motor combines the Cavourable starting con- 
ditions of the repulsion motor with the favourable working conditions of 
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the induction motor, and a high torque throughout the whole starting 
period is obtained (curve III). 

Fig. 42. 
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Lahmeyer Motor. Relation between Starting Torque and Current. 

The motor is started (with a off) as a repulsion motor, and then a is 
cut out with increasing speed to short circuit the slip rings. The resist- 
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ance, w, is then increased until practically no current flows through the 
commutator. There is practically no sparking, and as long as a is open the 
speed varies with the load as in a series-wound direct current motor. On 
short circuiting a, the motor speeds up to a limit which is nearly constant 
for all loads. The direction of rotation can be altered by changing the 
position of the brushes in relation to the magnetic field. 

For frequent reversing, however, the motor has auxiliary field windings, 
/i>/a> one or other only of which can be inserted by a switch, s. These 
motors can start against much more than normal full load. The current 
and starting torque can be regulated by the resistance, w. Fig. 42 shows 
the relation between current and starting torque in a 5-h.p. motor, from 
which it will be seen that, when starting, three times the normal full load 
torque is obtained with less than twice the normal full load current. 

Polyphase Motors may be divided into the only two types used 
in practice — namely, two-phase and three-phase motors. 

Both kinds are self-starting (on load or otherwise), asynchronous^ 
efficient induction motors ; and their principle of action will be better 
understood by reference to the principle on which they work, represented 
in fig. 43. Let the field magnets of an ordinary bipolar dynamo or motor, 
instead of being fixed, be mounted on a shaft capable of rotating in suitable 
bearings. Also let the ends of the field-coil winding be connected to two 
copper rings, r r, mounted on the shaft and rotated by it, but insulated 
therefrom and from one another. A direct current from some source is 
led into and out of them by two wires (w), connected to two brushes, b b, 
pressing on r r as they rotate. 

A laminated iron ring, i, mounted on the same shaft and free to rotate 
on it independently, is wound with coils, c c c, of one or more turns each, 
short-circuited on themselves, so as to form so many closed coils. If, now, 
the field magnets are driven mechanically, the field, as it rotates with them 
also, will cut the coils, c c, the induction of which will set up an E.M.F. 
and current in each, which will try to follow the field. Hence i will start 
rotating and will speed up until it catches up the field, when the two will 
move synchronously together, or nearly so. The rate of cutting of lines 
of force by the coils, c, is now very small, therefore the E.M.F. and current 
generated in them are also small. 

If, now, load is put on i, its speed will diminish a little, and therefore 
the rate of cutting, which is proportional to the difference in the speed of the 
magnets and i, will increase. This increases the induced E.M.F. in c c c, 
and causes more current to flow in them, thus giving the necessary torque for 
that load. The function which both two- and three-phase currents perform 
is to produce this rotating magnetic field without the field magnets rotating 
or moving at all. The portion of the motor which is wound with coils in a 
suitable manner to receive the two- or three-phase currents, as the case may 
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be, and which is stationary, is called the stator^ while the rotating part, 
corresponding to the ring, i, in fig. 43, is called the rotor. 

This is the principle of the polyphase induction motor, which is 
automatic in taking in just sufficient and no more power than will give the 
necessary torque to be exerted. 

A motor such as this, which is self-starting, entirely automatic in its 
action, self-lubricating, and which possesses no rubbing contacts or con- 
nection to the rotating part whatever, can be left to itself for weeks without 
any attention ; and, further, all possibility of sparking, which may be of 




Principle of Alternating-current Polyphase Motor. 



such moment in mines, is avoided in many of the smaller sizes ; for higher 
powers, where large starting torque is required, slip rings are mounted on 
the shaft and connected to the rotor coils, which are suitably wound. 
This is to enable resistance to be inserted in series with the coils to keep 
down the heavy induced currents at starting, for it will be remembered 
that the difference in speeds of field and rotor, called the slip^ is greatest 
at starting, and therefore the induced current also. Fig. 44 shows a three- 
phase alternating-current motor fitted with these three rotating slip rings 
connected to the rotor coils. The three brushes pressing on them would 
be connected to a three-phase rheostat. 

Three terminals seen on the top are for clamping the three mains 
which come from the generator. The commercial efficiency varies from 
75 to 88 per cent, for powers up to 50 h.p., and reaches 94 per cent for 
powers over 100 h.p. The rise in temperature above that of the sur- 
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rounding atmosphere does not exceed 35" C, and the sUp is 0-5 to 1-5 
f>er cent, of the speed. 

Fig. 44. 




The motor illustrated is supplied by the General Electric Company, 
London, and can be made to work direct on circuits of pressures up to 
S,ooo volts. 

Transformers. 

We have already seen {page 7) that when a current of A amperes flows 
through a circuit of R ohms resistance, the electrical power wasted in it 
= A'R watts. Manifestly, then, the loss increases rather rapidly with 
increase of current which is under the square, but the actual power 
transmitted will at a pressure V be equal to A V, and this product can be 
obtained in a great number of ways ; for instance, AVsJAxaV 
sstJAxjVsjJjAx 20 V, and so on. Hence, by increasing V and 
diminishing A, the same power may be transmitted with very much less 
loss and at much less cost, as the circuit may have a much smaller cross- 
section, and therefore cost far less to lay. 

As a rule, however, if the transmission be at high pressure, such as 
2,000 volts or more, this pressure is far too high for use with many 
appliances, and it is therefore necessary to reduce it to a workable value, 
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and this is effected by an appliance called a transformer or converter^ or 
sometimes a motor-generator. Of these there are two main classes : 

Direct-current transformers. 
Alternating-current transformers. 

The former are all rotary machines, while the latter comprise both 
static and rotary machines. In all cases they are essentially transformers 
of pressure, the section of the coils being such as to be capable of carrying 
the required current. 

The first class of transformer is necessarily of a rotary kind only, com- 
prising either a continuous-current dynamo and motor direct coupled, or 
an armature wound with two distinct windings, each having a commu- 
tator and running in one common field. In either example the motor part 
is driven by the supply, and in turn drives the dynamo portion to generate 
current at a different pressure from that of the supply. In the machine with 
one armature doubly wound in a single field, the ratio of voltages is almost 
directly proportional to the ratio of armature windings. The efficiency of 
such machines is low, and if the motor and dynamo portions each had a 
commercial efficiency of 90 per cent., the whole machine as a transforming 
device would only have an efficiency of 81 per cent, at full load. Not- 
withstanding this, it is often economical to employ them in practice. They 
can be made to take in power at 2,000 volts, and give out at anything 
lower desired, such as 100 or 200 volts. 

Taking next alternating-current transformers^ the rotary type is re- 
stricted solely for converting continuous to single- or polyphase alternating 
currents, or vice versd^ and is becoming an important and extensively used 
appliance at the present day. It consists of an ordinary direct-current 
dynamo having a ring-wound armature^ the winding of which is tapped at 
two or more points, which are electrically connected to two or more copper 
or brass rings mounted on the shaft, but insulated from it and from one 
another. 

For every pair of poles in the field, two tappings are taken to two slip 
rings for single-phase currents, four tappings to four rings for two-phase 
currents, and three tappings to three rings for three-phase currents. The 
efficiency of these rotary converters^ as they are called, is high, and they 
are very useful when polyphase alternating currents are transmitted, but 
continuous currents have to be used at the work. 

The rotating portion and fixed brushes of a rotary converter, without 
the field magnets, are represented diagrammatically in fig. 45. s s is the 
shaft carrying the ordinary direct- current ring-wound armature, r r, which 
is connected to its direct-current multiple-segment commutator, o, at one 
end, and the three-phase collecting-rings, r^ r^ rg, at the other. These rings 
are insulated from one another, and from the shaft, by suitable insulation, i. 
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Fig. 45 actually shows the arrangement for transforming continuous cur- 
tent into three-phase alternating current, or vice versa-, the three points, 
A B c, on the armature winding being equally spaced round it, and connected 
to the three rings, r, r^ r^, respectively. If, then, r r rotates in a two-pole 
field, and direct current is led into and out of r r by the fixed brushes, 
B, Bj, so as to drive the armature as a direct-current motor, then three-phase 
alternating currents will be generated at the fixed brushes, b^ b^ b^. 

Conversely, if three-phase currents are led in at these latter, the 
machine will run as a three-phase motor, and give out direct current at 
Bj Bj. Finally, if s s is driven by a belt, the machine will give out both 



Fig. 45. 



b, bj bi 




Principle of Three-phase Converter. 



direct current at b, B;, knd three-phase alternating current from b^ b^ ^3. 
A two-phase converter would have four rings instead of three, which 
would be connected to four points on r r equally spaced from each other ; 
while for a single-phase converter there would be two rings only, connected 
to two points opposite one another on r r. 

The most widely used of all transformers is the static type, having 
no moving parts or contacts, the alternating current in one part performing 
the function of causing the magnetic field to vary itself, so as to cut the 
windings in the other part and so generate a greater or less E.M.F. 
depending on the ratio of the windings on the two parts. A reference to 
figs. 46 and 47, which show the inside of a 7j-k.w. static transformer 
supplied by the General Electric Company, London, will make the prin- 
ciple clearer. The core consists of U-shaped stampings, b r, out of thin 
Swedish charcoal iron of the best quality, built up side by side to a 
sufficient thickness. 
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Two coils, each consisting of two separate windings of double cotton- 
covered copper wire, are then slipped one over each limb, as shown in 
fig. 47. Cross strips, a, are then placed across the ends of 6 and e, as 
shown, thus forming a closed iron magnetic circuit for the lines to flow in. 
The two outer coils on the limba are connected in series to two terminals, 
and likewise the two inner coils to a second pair of tenninals. One coil 
Fig. 46. Fig. 47. 
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is then connected across the supply mains, and is called thtfrimary ; the 
other to the lamps or motors, and is called the secondary of the transformer. 
In most cases we have 

where Ei and E, ate the primary and secondary E.M.F.s, and N, and Nj 
are the number of primary and secondary turns. Thus the higher pressure 
coil will have more turns than the lower pressure coil, and consequently a 
higher resistance. Fig, 47 shows the construction and the ends of the 
windings of the inner coils protruding above the coil ends. 

When the transformer is to be used in damp places it is enclosed in 
an iron case with a tight-fitting lid, as shown in fig. 48, the leads going 
to the primary and secondary passing through insulating stuffing glands or 
holes in the case. 

One extremely important advantage of this static type of transformer 
is its automatic regulation on constant-pressure primary mains for varying 
secondary load. 
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When there is no load on the secondary, the primary takes in just so 
much power as is required to supply the losses in the iron circuit ; at full 
load it takes in power equal in amount to the total internal losses, plus the 
Fig. 48- 




Transformer 



secondary output, whereas at half load it only takes in half this amount, 
and so on. Hence the static transformer is not only entirely automatic 
in its action, but needs absolutely no attention, being quite inert in itself. 
By means of such an appliance almost any amount of alternating-current 
powder can be transformed from almost any volt^e to any other voltage at 
an efficiency in the larger types of as much as 96 per cent 



Performance of DiATerent Classes of Machinery. 

Having now gone briefly into the first principles of the generation of 
electric currents and their reconversion to mechanical energy in motors, 
it will be well to go into the advantages and disadvantages of the various 
types of machinery, both in general and for particular purposes, having 
especial regard to reliability, efficiency, and mechanical performance. 

Generators. — The most important differences between different types 
of generators are in the matter of reliability and regulation of voltage. In 
a continuous-current generator, the rotating part necessarily carries the 
main current, and is provided with a commutator through which this main 
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current has to pass. A very large proportion of the breakdowns and 
disorders of generators are due to the difficulty of properly insulating, and 
at the same time mechanically securing the rotating armature conductors, 
and also in destructive sparking at the commutator and disorders of 
brushes and brush gear, which have to collect the whole current produced. 
Continuous-current generators can, on the other hand, be made to give a 
constant voltage on the most fluctuating loads without trouble by means 
of compound windings; and if it is desired they can be made to give 
a higher voltage on full load than on light loads by means of 'over- 
compounding ' in order to compensate for the increased drop of voltage in 
the mains when a large current is flowing. There is no difficulty in 
running continuous-current generators in parallel — that is, in dividing up 
the load among two or more machines each giving the same voltage and 
running with its positive and negative poles connected to the same mains ; 
a thing which is essential in large power distribution plants with a variable 
load. 

In alternating-current generators the armature windings can be placed 
on the outer stationary part of the machine, since they do not require 
commutation; the main current is then carried without any rubbing 
contacts whatever, and there is no centrifugal stress on the armature 
windings ; the exciting current must, however, be led into the rotating part 
by means of slip rings and must be generated by a small direct-current 
dynamo. In some alternators the armature rotates, and in this case the 
current is collected by slip rings and brushes ; these, however, being 
perfectly continuous, are not nearly so apt to give trouble as a commutator, 
and so long as the brushes are in good order there can be no sparking. 
Alternators are also made in which both field and armature windings are 
stationary; these are called inductor generators (see p. 31), and have 
much to recommend them so far as reliability goes. It is less easy to 
make an alternator self regulating in voltage than a direct-current machine, 
especially on a low power factor circuit, but the difficulties can be over- 
come. There is some difficulty where it is necessary to run alternators in 
parallel, on account of the fact that it is necessary that all the machines 
should reach the 'peak' of their E.M.F. curve at exactly the same 
moment, and for this purpose an appliance called a synchroniser is fltted 
to alternating-current switchboards. When a machine is to be put in 
parallel with the others, it is first of all started up by itself and run at the 
proper speed and correct voltage, the synchroniser indicates when it is * in 
step ' with the others, and it is then switched on to the mains. Once in 
step the tendency is to remain so unless some disturbing cause prevents it ; 
such a disturbing cause may, however, be present in the shape of an uneven 
turning moment in the engines, especially in gas engines, or in defective 
governors, or in governors on the different engines which do not act 
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together. With care in selecting the machinery, however, alternators can 
be very successfully run in parallel. 

It may be mentioned here that no generator in practice gives the exact 
theoretical ' sine ' curve of fig. 36A. Some generators, to take an extreme 
case, may give a ' peaked ' curve like that in fig. 49, and others a fiat 

Fig. 49. 




Alternator. Pbakbd Wave. 

curve like that in fig. 50. Two generators with dissimilar curves will not 
run well in parallel, but a machine can always be designed to give any 
curve desired, and for motor work and for the sake of insulation a peaked 
curve is undesirable. 

Fig. 50. 




Alternator. Flat Wave. 



Motors. — The selection of the most suitable motor for a given 
situation is a difficult and complicated problem, and different engineers will 
be found giving different advice on the same question. An electric motor 
can be designed to do practically any work, whether direct-current, poly- 
phase alternating- or even single-phase alternating current be used ; but one 

r 
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class of motor will often do a particular piece of work better, or more 
economically, in first cost or working cost than another. 

We will discuss the questions of speed regulation, starting torque, 
efficiency, &c., one by one ; but it must be understood that these things 
are a matter of design, and that high efficiency may be obtained in any 
motor by a sacrifice of some other characteristics, such as first cost or 
starting torque ; and other qualities such as better speed regulation may be 
obtained at the sacrifice of something else. 

Speed Regulation. — A motor may be required to operate at — 
(i) constant speed ; (2) speed varying automatically as the load changes, 
increasing with light load and decreasing with heavy load ; or (3) speed 
variable at will independently of the load. 

(i) For an absolutely constant speed a differentially wound compound 
motor may be used— />. a motor in which a series winding is applied in 
opposition to the shunt winding, so that as the load increases the field is 
weakened, thus causing the motor to keep up its speed. This type is, 
however, inferior in starting torque and efficiency to series and shunt 
wound motors. A shunt-wound motor maintains a constant speed within 
5% or less from no load to full load, and is quite constant enough for all 
conditions likely to be met with in mining work ; shunt and polyphase 
motors are made which vary as little as 2% in speed from no load to full 
load unless designed otherwise. A single-phase synchronous motor runs 
at absolutely constant speed so long as the generator speed does not vary. 

(2) The series motor is capable of adjusting its speed automatically 
to varying loads. It is liable to race and damage itself if it loses its load, 
owing to the weakening of the field. It is also especially liable to be 
damaged by taking an excess of current on heavy loads and the slow speeds 
occasioned thereby. 

Compound-wound motors are sometimes made with series and shunt 
winding in accordance with each other, i.e, with the series winding 
assisting the shunt, the fieid being strengthened as the load increases. 
These are intermediate between a shunt and series motor in speed 
regulation, and their speed may fall about 10% from no load to full load. 

A polyphase motor designed with a high resistance rotor has similar 
characteristics to a direct-current series motor in automatic speed regulation. 

A single-phase series motor is also similar to a direct-current series 
motor in this respect. 

(3) For varying the speed at will independently of the load, two series 
motors may be used in such a way that they can be put on to the mains 
either in parallel or series with each other ; when running in series they 
will run at half the speed at which they run when in parallel, because they 
each receive half the full voltage. This is known as series parallel control. 
A shunt-wound motor may be varied in speed from 20% to 30% by placing 
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a variable resistance in the shunt winding (in specially designed motors a 
much greater variation may be obtained). This resistance absorbs very little 
power, as the main current does not pass through it. Alternating-current 
motors of the single-phase series type may have their speed varied by a 
regulating transformer, which varies the applied voltage with only a small 
loss of power. The voltage applied to the terminals of a motor (and 
therefore its speed) may be reduced by putting a resistance in series with 
it This is a wasteful but effective method. The efficiency is reduced in 
the same proportion as the speed. This method is used in conjunction 
with the series parallel control of series motors in traction work in order to 
obtain intermediate speeds ; it may of course also be used with single series 
or shunt-woitnd motors ; care being taken that the resistance used is of 
sufficient size to take the necessary current for the time at which it is required 
to run at reduced speed without undue heating. The speed of polyphase 
motors is regulated by varying the applied voltage, or by varying the resist* 
ance in the rotor circuit. The first method involves having a variable 
high resistance in the stator circuit, and is therefore uneconomical. The 
method usually adopted is the placing of a variable resistance in the rotor 
circuit connected thereto by slip rings ; the efficiency is proportional to the 
speed ; the power wasted appears as heat in the resistance external to the 
motor instead of in the motor itself, as in the permanently high-resistance 
rotor method, and a smaller motor may therefore be used. 

With direct-current motors, where a three-wire system is in use, the 
speed may be economically varied by connecting either across the outers 
or between an outer and the middle wire, thus obtaining a reduced voltage ; 
intermediate speeds being obtained by variable resistance in the shunt 
windings. 

Starting Torque, — The highest starting torque is obtained with the 
direct- current series motor. This gives a higher starting torque for a given 
current than any other type of motor. It must be remembered that if a 
very heavy starting torque is required, a heavy current will have to be used, 
and a heavy starting resistance must be employed to take this current 
without undue heating. 

A shunt-wound motor will give a starting torque equal to full-load 
running torque if a sufficiently substantial starting resistance is used, for 
starting light a lighter resistance is sufficient. A compound-wound motor 
with series and shunt windings in accordance has a starting torque 
intermediate between a series and a shunt motor; a differentially wound 
compound motor has a starting torque inferior to that of a shunt motor. 

A polyphase motor, with squirrel- cage rotor, will give full-load torque 
with two to two and a half times full-load current. Motors which are 
small compared with the capacity of the generator and the mains may be 
started on full-load torque by switching straight on to the mains, but with 

F 2 
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large motors it is necessary to keep down the starting current within 
reasonable limits, so that there will not be too heavy a rush of current from 
the generator and through the mains. To keep down the starting current 
an * auto-transformer' may be used with a squirrel-cage rotor, which gives 
a decreased voltage at the motor terminals, but this gives an inferior starting 
torque. With large motors, where large starting torque is required without 
an enormous current, wound rotors are used, either with a permanently 
high resistance or a variable resistance separate from the motor. A larger 
starting torque is obtained for a given current by this arrangement, and 
torques up to three or four times the full-load running torque may be 
obtained. Where very large starting torques are required, it is necessary 
to sacrifice the power factor to some extent, which means heavier currents 
but not a large decrease in efficiency. The single-phase synchronous 
motor has no starting torque, but has to be started by some auxiliary 
device. The single-phase induction motor has an inferior starting torque 
to the polyphase motor, and it is necessary to use a wound rotor in all but 
the very smallest sizes and a phase-splitting device in the stator circuit. 

Single-phase series motors are similar to direct-current series motors 
as regards starting torque. 

Efficiency. — The direct-current series motor is usually designed to 
give its highest efficiency on light loads, these motors being usually operated 
for a greater proportion of the time on light than on full loads. The 
efficiency falls off rapidly as the load increases. A shunt motor maintains 
a high efficiency over a wider range than a series, and gives a higher all- 
round efficiency on varying loads ; its highest efficiency is usually on about 
full load, but its efficiency on light loads is inferior to that of the series motor. 

Polyphase motors with squirrel-cage rotors have an even wider range of 
high efficiency than a shunt motor. Their efficiency is highest at com- 
paratively light loads and falls off as the load increases and the speed 
decreases. The efficiency is decreased in proportion to the speed when 
low voltage is applied or resistance inserted in the rotor circuit. Polyphase 
motors with permanently high-resistance rotors for variable speed work 
have a low efficiency, which falls off rapidly as the speed decreases. For 
variable speed work polyphase motors cannot compete with direct-current 
motors as regards efficiency. Single-phase induction motors have a rather 
lower efficiency than polyphase, and single-phase series motors have a 
lower efficiency than direct-current series motors. 

Polyphase motors have the highest efficiency and the best performance 
generally when designed for high speeds ; direct-current motors have the 
highest efficiency and best general performance when designed for low speeds. 

Voltag^e. — Alternating-current motors can be driven direct from much 
higher voltages than direct-current, because the high-voltage current does 
not need to be taken into the revolving parts or through complicated 
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switch-gear ; alternating-current motors can therefore be used with smaller 
cables than direct-current The single-phase series motor, although it 
cannot be operated direct on high voltage mains, can be worked from a 
variable transformer from the high voltage, which transformer also acts as 
an economical speed regulator. 

Insulation. — Another advantage of the fact that alternating-current 
motors do not take the main current in the revolving parts is that the 
insulation can be made more substantial without interfering with mechanical 
soundness, and alternating-current motors are therefore less liable to ' shorts ' 
and * earth ' than direct-current motors. A squirrel-cage polyphase motor 
may be operated without any insulation at all on the revolving part. 

Sparking^. — Direct -current motors are always liable to spark at the 
commutator. A squirrel-cage polyphase motor cannot possibly give a 
spark unless some electrical connection breaks away, which is extremely 
unlikely ; the only possibility of sparking is at the switch, which can be 
enclosed without risk of undue heating. Polyphase motors on which slip 
rings are used may give a spark if a brush is broken or displaced, but are 
very much less liable to sparking than commutator motors. The slip rings 
can be enclosed in a separate casing without it being necessary to box in 
the whole motor. Single-phase series motors have a commutator at which 
considerable sparking takes place. 

Overload Capacity. — This is mainly a matter of design. Series- 
wound direct-current motors may be rated at the load which they will 
carry for five minutes or for an hour without exceeding a certain tempe- 
rature, and the overload capacity will depend upon the rating. Shunt- 
wound motors should be rated at the load they will take continuously 
without undue heating, and, if started cool, they may take overloads for 
some little time without damage. All direct-current motors are, however, 
liable to serious damage if fuses and overload cut-outs are neglected or 
fail ; there is nothing in the motor itself to prevent a current passing 
through it which will burn up the insulation. With alternating-current 
motors, however, the case is different; owing to their property of self- 
induction they will take a very much less current when brought to a 
standstill than a direct-current motor of the same resistance at the same 
voltage, and a polyphase motor may be so overloaded as to be stopped 
vnthout serious damage to the insulation ; of course the current must not 
be allowed to continue to flow for more than a second or two after the 
motor has been pulled up. This percentage of overload at which the 
motor will be pulled up depends on the design and rating of the machine. 

Cost. — It is difficult to compare the cost of direct-current with poly- 
phase machinery, especially as the patents controlling the polyphase 
principle have only lately run out. Polyphase machinery, however, 
should, from its simplicity of mechanical construction and lightness, be 
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cheaper than direct-current, and in large sizes this will generally be found 
to be the case ; so much, however, depends on the particular conditions to 
be satisfied that this must only be taken as a very wide generalisation. 

In all cases too much stress cannot be laid on the fact that electrical 
machinery in which quality is sacrificed to cheapness is disastrously 
uneconomical. The breakdown of a cheap haulage plant, for instance, may 
mean the loss of many times the amount which would have been required 
to make it a reliable plant, by the loss in output occasioned thereby. 

Mechanical Simplicity and Reliability.— High-class direct- 
current motors are exceedingly reliable from a mechanical point of view, 
but there can, on the other hand, be no doubt that many of the possible 
sources of breakdown in a direct-current motor are absent in a polyphase 
machine ; and for trying conditions such as coal-cutting and other work 
met with in mines, this is an immense advantage. It will pay a manager 
to put up with many other inferiorities, such as lower efficiency, or starting 
torque, if he can at the same time secure increased simplicity and reli- 
ability, and it is mainly for this reason that so many polyphase plants are 
being installed in mines at the present time. There is no motor so 
simple as, or more reliable than, a polyphase motor with squirrel-cage 
rotor, and such motors are being successfully applied to coal-cutting, 
which is perhaps the most trying of all mining work for a polyphase 
motor. With a bar machine such as the Hurd, the squirrel-cage rotor 
gives perfect satisfaction, but some makers prefer a wound rotor with the 
disc machines, since these require a larger starting torque. Haulage is 
being done in many cases with wound rotors, but some managers prefer 
to secure the advantages of the squirrel-cage, and to start the motor light- 
putting load on with a friction clutch : in this way large starting torque is not 
required. It may be safely said that there is no work at a mine which a 
polyphase motor cannot do. 

Figs. 51 to 58 give curves showing the various characteristics of high-class 
direct- current and three-phase motors, made by the British Westinghouse 
Electric and Manufacturing Company, Limited, of Manchester, which will 
well repay a careful study. The authors are indebted to the Westinghouse 
Company for supplying and giving permission to publish these curves. 

For the direct-current motors, the efficiency, speed, torque, and brake 
horse-power, are given for all values of the current. In the case of the 
series-wound motors, it will be noticed that instead of a certain number of 
horse-power, a number is given to the motor, the horse-power being a 
variable quantit)', according to the time for which the load has to be 
carried; a cur\'e is therefore given showing the temperature rise pro- 
duced by different currents taken for different times. Thus, No. 70 
crane motor will take a load of 100 amperes for a little over twenty 
minutes without rising more than 40° Cent. (72° Fahr.) in temperature ; 
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at this current the horse-power developed is seen to be about 23^. 
In the case of the polyphase motors the other quantities are given for 
different values of the torque developed in pounds at one foot radius. 
For constant-speed motors the speed, efficiency, power factor, and brake 
horse-power are given, and the speed of synchronism (generator speed) is 
shown by a horizontal line. The same remarks as to horse-power apply to 
the variable speed (crane) motors as to the series-wound continuous-current 
motors ; these motors have high resistance secondaries. 

The smaller three-phase crane motor is fitted with a speed controller, 
by means of which the voltage applied to the terminals can be varied, and 
the speed curves are given for full, three quarters, and half voltage. The 
times for which a particular torque can be safely exerted at the different 
voltages are also shown for this machine. 

Construction of Continuous Current Motors for use in Coal 

Mines. 

One of the disadvantages urged against the use of electricity in the 
mine is the danger of sparks at the brushes igniting fire-damp. The 
dangers of the commutator are probably less than those of the cable, and 
open motors have been run experimentally in an explosive mixture with 
the brushes and commutator cool and in good order without firing the 
gas. A commutator, however, is liable to get hot, and brushes are frequently 
in bad order, so that sparking at the commutator must certainly be looked 
upon as something which is liable to fire gas, and the provision of a safe 
motor for use in the face when coal-cutting where there is possibility of 
blowers of gas occurring is of the highest importance. Quite apart from 
the question of gas, a completely open motor like that in fig. 37 cannot be 
used at the coal face, because it would be liable to mechanical injury from 
falls of roof and sides. A partially enclosed * ventilated ' motor, while it may 
satisfactorily avoid mechanical damage, is objectionable in any dusty place ; 
where air goes in dust will follow, and dust is one of the greatest enemies 
to the satisfactory working of a continuous- current machine. An open 
motor can be kept clean because it is in full view, even in a dusty situation, 
but a partially enclosed motor is very apt to be neglected and to be 
seriously injured by dust. A totally enclosed motor is dust-proof, damp- 
proof, and gas-proof, and, though it gets hotter on a given load than an 
open motor of the same size, it is the safest and most satisfactory type for 
coal-cutting. It has been experimentally proved that a totally enclosed 
motor, such as that in fig. 38, will run for many hours in an explosive 
mixture even when sparking badly, and even in the case of the most 
sudden outbursts of gas it is not likely that a coal-cutter would be allowed 
to run many moments in such a mixture. 
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Of course there must be covers provided in the motor frame, which 
can be taken off for examination, and these covers must be made and kept 
gas tight t^ india-rubber, asbestos, or other packing or by machine-faced 
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joints, and there should be less difficulty in keeping these joints in proper 
order than in the proper maintenance of a safety lamp, which, by the way, 
is frequently deliberately put into gas for testing purposes, whereas the 
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motor is unlikel]' in most pits ever to come in contact with gas at all. 
The same remarks as to enclosure of course apply to the switch-box, in 
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which serious flashing and arcing is more likely to occur than in the motor 
itself, and the cable should in fiery mines be led into this box through gas- 
tight glands. 
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Some makers fill switch-boxes with oil, which, so long as it is kept 
there, will entirely prevent sparking of any kind at the switch. 

F^s. 59 and 60 illustrate an entirely enclosed motor for other situa- 
lions where it is desired to exclude dust or damp or where there is a 
possibility of gas. 

The Union Electricity Company, of Berlin, who make a great deal 
of electrical machinery for mines, make an enclosed motor of 80 h.p. 

Fio. 59. 




Gas-tight Motor. Cover Open. 



guaranteed to work under 100 feel ot water ; when not under water it is 
kept cool by compressed air, which is forced into the case ; this carries off 
the heat, and would, of course, exclude gas. 

Other makers do not entirely enclose the motor, but leave openings 
which are protected by wire gauze, the idea being that, should any gas 
ignite inside the motor case, the flame would be cooled below ignition 
point in passing through the gauze. Of course there must be sufficient 
area of gauze as in the safety lamp, so that the burning gases do not leave 
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the motor case at too great a. velocity to be cooled. But this plan is 
objectionable and perhaps dangerous when there is a great deal of dust 
foi the reasons explained above, and cannot be regarded as such an effectual 
way of preventing explosion as the total exclusion of gas. 

Alternating Poljrphase Motors. — These motors, especially those 
with a ' squirrel-cage ' rotor, are much less liable to damage by dust than 

Fig. 6o. 



i^ 




a direct- current motor, and could only ignite gas by the fusing of a wire, 
a very improbable thing ; or in the case of a slip-ring machine by a brush 
becoming damaged and causing a break in the circuit. These motors 
can be completely enclosed, but in most situations this is entirely un- 
necessary.' 

' The new Home Office Rules (see Appendix) will, however, overrule engineetii^r 
consideialions on this point . 
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CHAPTER III 

DRIVING OF THE DYNAMO 

Water Power— Steam Power — High-speed Engines, Direct -driving — Low -speed 
Engines, Belt-drive — Gas-engines — Oil-engines — Tests of Plants. 

The method of driving the dynamo may be one of the following : 

(i) By the employment of water- turbines. 

(2) By the employment of steam-turbines. 

(3) By the steam- engine. 

(4) By the gas-engine. 

Water Power. — The first method depends on a sufficient head of 

water being always available to drive the turbines, and where this is the 

case it generally forms the most economical system both in first cost and 

upkeep. A comparison between steam and water power was recently 

made,^ in which the cost of working a 1,000 h.p. steam plant is given as 

follows : 

Per h.p. per annum. 

Interest on capital, depreciation, repairs, &c. . -17 3. 
Coal (i"4 lb. per LH.P. at i6j. o^^. per ton) i 10 10^ 

Wages (two engineers and two stokers) . . . o 12 10 
Oil, waste, &c ©34 

£Z 14 3i 

The lowest cost known to the author (of the article) is ;^2 8j. 6^. per 
h.p. per annum, with coal at yx. 4^. per ton. 

The steam plant here referred to consists of a vertical compound 
condensing engine with an average load of 950 h.p., steam pressure 155 lbs. 
per square inch. 

The cost of water-power plant, comprising three wheels, producing a 
maximum of 510 h.p. and an average of 315 h.p., is given by the same 
writer as ;^i 3^. 2d, per h.p. per annum. 

Electrical Plant at Greenside Mine, Patterdale.— At the 

Greenside Mine, Patterdale, Westmoreland, where lead ore is worked, the 

' Engineering Magazine^ 1 898, xv. 922-927 ; * The Comparative Cost of Steam 
and Water Power.' 
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whole of the power required is obtained from water-turbines. The authors 
are indebted to Mr. W. H. Borlase, mining engineer to the Company, for 
the following description of the plant. 

The source of power, water, is brought from two reservoirs under 
Helvellyn Mountiin, through partly open and covered flumes, for a mile 
and a quarter, following the contour of the hills at an elevation of 1,650 
feet above sea level, to the pen-trough at the head of the pipe-line. The 
pipes are 15 inches in diameter, and convey the water to the power house, 
situated at 1,250 feet above sea level, giving a fall of 400 feet vertical on 
1,200 feet length of pipes, equal to i foot in 3. At the bottom of the pipe 
a Y-piece is attached, and at the ends a vortex turbine and Pelton wheel 
are respectively fixed, driving two compound-wound continuous-current 
dynamos, each of 75 kilowatts capacity at 600 volts pressure. The turbine 
plant has been working since December 1891, including the generator 
before mentioned, providing power for a 50 h.p. winding motor, compound- 
wound, one mile inside the mine and two miles from the station. The 
power is conveyed for the first three-quarters of a mile to the mouth of the 
level by copper cable of 19/15 B.W.G., on poles and insulators, all cables 
inside the mine being insulated and lead-covered. 

The winding motor lifts the waggons of lead ore stuff &c. from the 
various levels from 75 fathoms deep to the day level. The working load 
averages about 50 cwt. 

From this point the current is taken to a motor generator, where the 
volts are converted from 600 to 250, to work a 14 h.p. electric locomotive 
which runs the stuflf raised by the winding motor through the day level 
to the washing grates, a mile and a quarter distant The train load is 
twelve waggons, varying, of course, in weight, according to the value of 
stuff, averaging about eighteen tons, exclusive of locomotive, which weighs 
about two tons and a half. The mile and a quarter is travelled in 
about a quarter of an hour, the curves in the level and general conditions 
not permitting a quicker run. The conductors necessarily are bare, 
consisting of a No. 10 B.W.G. phosphor-bronze wire. 

The Pelton plant was erected in 1897, and is of the same power as the 
turbine plant, and supplies a 50 h.p. motor for driving an air compressor 
working inside the mine to supply compressed air rock-drills and pumps, 
and also an electric motor, driving a Tangye three-throw ram pump forcing 
water 360 feet high from the 6o-fathom level to the day level at one lift. 
This being a fairly constant load, liitle supervision is necessary, but there 
is an electric cut-out in the circuit which immediately acts as soon as one 
or both of the motors are switched off. So instantaneous and so effective 
is its action that the volts are not allowed to rise i^ per cent, before they 
are again reduced to the normal pressure. 

The turbine plant has a varying load, which is easily commanded by a 



78 ELECTRICITY AS APPLIED TO MINING 

3-inch by-pass valve, the regulation being quickly done where hydraulic 
governors have failed. There is only one man kept in the generating 
station at a time ; two shifts a day are worked — viz. from 6 a.m. to 2 p.m., 
and from 2 p.m. to 10 p.m. 

The charges, working, and supervision, amount to 18^. per h.p. per 
day of sixteen hours in two shifts of eight hours each. 

The locomotive has been running nine years and a half, and the 
charges for that period are equal to '25^. per ton per mile, or 125^. per 
mile run, as the load is only one way. 

The whole of the caging-stations at the several levels, motor-rooms, 
&c. inside the mine are lighted up with sets of six loo-volt i6-c.p. lamps 
in series. The crushing-mills, jigger-houses, washing and smelting mills 
are lighted by a separate dynamo. 

Steam Power. — The question of steam generation is too large to 
enter into in the space at disposal here, besides which it has already been 
adequately dealt with in several standard works, but mention may be made 
of one or two details of steam-raising specially applicable to collieries. 

Utilisation of Waste Heat from Coke Ovens.— A very important 
source of economy lies in the generation of steam by means of the gases 
driven off from coal during the process of its conversion into coke. 

There are two chief classes of coke oven : (i) Ovens of the beehive type, 
in which no attempt is made to take out the by-products, and (2) distil- 
ling ovens or closed chambers externally fired, the gases from which are 
treated by various processes to extract the by-products, and then used to 
assist in the distilling process, afterwards being taken to the boilers. 

It follows, therefore, that a range of beehive evens will give off waste gas of 
greater heating power than a similar range of distilling or by-product ovens. 

It has been stated ^ that a range of sixty by-product ovens (30 feet 
long X 6 feet high x 2 feet 6 inches wide) may be supposed to be capable 
of heating about five Lancashire boilers (8 feet in diameter), the steam 
pressure being about 120 lbs. per square inch. 

Where good water is available for boiler-feeding purposes, water-tube 
boilers of the Babcock & Wilcox and Stirling type are often used. 

Burning^ of Inferior Fuel. — Another important saving, which is 
now being effected at many collieries, is the raising of steam from very 
inferior fuel, which would otherwise not only be wasted but might become 
a source of danger and annoyance when tipped into a pit-hill, owing to the 
liability of spontaneous combustion. 

The pickings from the coal belts, the settlings from water used in coal- 
washers, carbonaceous shale, coke dust, &c., can all be utilised in this way. 

One means of doing this is by applying forced draught to the ordinary 
Lancashire boiler, and putting the grate-bars very close togetheJ- or dispens- 

* Transactions Inst, M.E, xiii. 324. 
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ing with them altogether. This has been done with varying success, one 
difficulty in the way being that, owing to the fine nature of the fuel, a 
considerable proportion is blown over the grate into the chimney without 
being burnt, and, as the combustible matter has a lower specific gravity 
than the refuse, the most valuable part of the fuel is wasted. 

Another drawback to the use of very low-grade fuels in Lancashire 
boilers lies in the limited grate surface ; owing to the lower calorific value 
of the fuel, a very much greater quantity has to be dealt with in the same 
time if the steam is to be kept up, and this is a very difficult thing to do. 

Meldrum's Refuse Destructor. — The successful solution of the 

problem seems to have been arrived at by the use of refuse destructors 
similar to those for town refuse. These have (i) a very large grate area ; 
(2) a combustion chamber which acts as a receptacle for the incombustible 
dust, which would otherwise tend to choke up the boiler flues. 

The construction is very simple, and will be gathered from fig. 61. It 
consists of a large fire-grate fitted with forced draught, at the back of which 
is the combustion chamber, from which a flue leads to the boiler. 

This arrangement has been adopted at Houghton Main Colliery for 
burning coke-breeze and coal-pickings. 

The plant consists of two cells or furnaces, each having 50 square feet 
of grate area. The gases are used to fire two Lancashire boilers, each 
7 feet 6 inches diameter and 30 feet long. Owing to the forced draught, 
a small chimney only is required 75 feet high x 4 feet 6 inches square. 
The quantity of steam used in the jets is from 10 to 12 per cent, of the 
total evaporation. 

The following particulars of tests on a Meldrum destructor fired with 
pit refuse from Houghton Main Colliery * will be interesting as giving an 
idea of the performance of the furnaces : 

Grate area 63 square feet 

Size of boiler 8 feet x 30 feet 



Date of Test 



June 4, Z90X 



June 4| 1901 



Class of fuel used 



Weight burnt per hour . 
Weight burnt per sq. ft. grate | 
per hour . . . . i 
Water evaporated per hour . 
Water evaporated per lb. fuel . 
Average steam pressure . 
Temperature feed water . 
Percentage of incombustible . 



j Half coke-dust, i 
t half pickings i 



2,828 lbs. 

44*8 lbs. 

7,490 lbs. 
2*65 lbs. 
140 lbs. 
90° F. 
50 per cent. 



Pickings 
4,080 lbs. 
647 lbs. 

11,587 lbs. 

2-84 lbs. 
100 lbs. 

90° F. 
73 per cent. 



Tune 4, 190Z 

Coke-dust 

2,716 lbs. 

4yi lbs. 

6,730 lbs. 
2-48 lbs. 
100 lbs. 
90° F. 
38*8 per cent. 



Hig'h-pressure Steam. — The advantages of using high-pressure 
steam are — (i) that it reduces the size of steam-pipes and engines; (2) that 

* The tests were made at Shipley. 
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more work is got out of the same weight of steam. These economies are 
secured by a very small increase in the amount of fuel used. Thus, the 
number of British thermal units required to convert i lb, of water at 212' to 




steam at 212° (atmospheric pressure) is 966 ; while to convert it to steam 
at 100 lbs. per square inch absolute, only needs an additional 3S'3 B.T.U 
Steam-turbines. — These are dealt with in Chapter IV, 



TYPES OF STEAM-ENGINE 8 1 

Steam-ensues. — The choice of a suitable steam-engine is governed 
to a certain extent by the pressure of steam available, and also by the 
amount of work to be done, and may be one of the following types : 

Single-cylinder horizontal (or vertical) high-speed engine, for direct 
driving. 

Single-cylinder horizontal (or vertical) slow-speed engine, with a rope or 
belt drive. 

Two-cylinder coupled horizontal (or vertical) high-speed engine, for 
direct driving. 

Two-cylinder coupled horizontal slow-speed engine, with a rope or belt 
drive. 

Compound horizontal high-speed engine, for direct driving. 

Compound horizontal slow-speed engine, with a rope or belt drive. 

Compound vertical high-speed engine, for direct driving* 

Triple-expansion vertical high-speed engine, for direct driving. 

All these may, if the conditions are suitable, be made condensing. 

Sing^le-cylinder Engines. — Where the steam pressure is low, say 
50 lbs. to the square inch or under, and the horse-power required is under 
50 E.H.P., the most economical engine would be of this type, steam being 
admitted into the cylinder for one-third of the stroke, and exhausting into 
a condenser at about atmospheric pressure. 

For higher powers coupled engines would be preferred, the reason for 
this being that, with a single engine, the difference between the maximum 
and the minimum twisting moment on the shaft is much greater than in 
a coupled engine in which the cranks are at right angles ; thus the fly-wheel 
and other moving parts of a coupled engine can be made much lighter. 

Compound Engines. — With higher steam pressures, from 60 to 
120 lbs. per square inch, greater economy is secured by expanding the steam 
in two stages, and smoother working by avoiding the extreme differences of 
pressure in one cylinder. There is abundant experience to prove that, 
given a sufficiently high initial pressure and sufficient speed of working, a 
compound or a triple-expansion engine consumes less steam than a simple 
engine. This is due to the fact that it is possible to use a higher ' ratio of 
expansion ' in a compound engine than would be practicable in one cylinder, 
and thus to more fully utilise the expansive energy of the high-pressure 
steam. The cylinder condensation is also less when the expansion is 
divided into two stages in different cylinders than when the same expansion 
is performed in one cylinder. 

The temperature of steam (saturated, Le, not superheated) varies directly 
as the pressure, so that if a single cylinder were used with a very early cut- 
off, the range of temperature in the cylinder would be very great, varying 
from 327*9° F. (with steam at 100 lbs. per square inch absolute) down to 
162^ F. (assuming steam exhausting into condenser at 5 lbs. per square 
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inch absolute), and the incoming steam at high temperature coming in 
contact with the cold cylinder sides would produce a great loss owing to 
cylinder condensation. By expanding in two or more cylinders this extreme 
variation is avoided, and cylinder condensation largely prevented. Com- 




pounding is not good in all circumstances. Superheated steam is a great 
source of economy, because it does away with cylinder condensation. 

High-speed or Slow-speed Engines.— By using a high-speed 
horizontal or vertical engine coupled direct to the dynamo shaft without 
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the intervention of gearing, ropes, or belts, as shown in fig. 62, a higher 
efficiency can be obtained, as there is no loss in transmitting the power 
from the steam-engine to the dynamo. 

An additional advantage possessed by high-speed engines is a saving in 
space and consequent cheapening of engine-house, foundations, &c. 

The disadvantage, however, of coupling direct is that, in case of varying 
loads, such as are common in colliery practice, when at one time coal-cutters 
may be thrown on and at another haulage or pumping, great strains are 
thrown on to the working parts, which in a belt- or rope-driven plant would 
to a large extent be borne by the ropes. 

Low-speed engines are generally considered more economical in steam 
consumption than high-speed Engines, but they are more expensive in 
first cost. 

High-speed engines usually revolve from 350 revolutions in the larger 
sizes of 500 B.H.P. and upwards, up to 550 or 600 revolutions in smaller 
engines. 

Vertical or Horizontal Engines.— The chief advantage of a 
vertical over a horizontal engine is the saving in floor space; and for 
central stations situated in towns, where the price of land is very high, this 
becomes a matter of great importance. In colliery installations, however, 
this rarely carries great weight, although it might be necessary, in putting 
down a plant in the same engine-house with other engines, to adopt the 
vertical type, if space were limited and extension impossible. 

Vertical engines are not so accessible for oiling, examination, and 
repairs as horizontal engines, and owing to their having a short stroke they 
generally run at a higher number of revolutions than horizontal engines. 

Gas-eng^ines are frequently used for driving electric generators, and 
exactly the same considerations that might lead an engineer to adopt gas- 
engines for other purposes would lead him to adopt them for electric 
generating. The gas-engine is, however, specially adapted for a central 
electric plant, because one of the objections to an ordinary gas-engine is 
difficulty in starting, and a central electric plant would work day and night ; 
therefore the question arises, Does a gas-engine work more economically 
than a steam-engine ? This, however, cannot be discussed here'; suffice it 
to say that in many places gas-engines are used. It has been said by many 
engineers that gas-engines are not suitable for driving alternating-current 
generators in parallel, and, indeed, there are several reasons which sub- 
stantiate this statement. It may, however, be said that some makers 
of gas-engines are prepared to undertake the erection of a plant with 
alternating-current generators working in parallel— and there are several 
such plants at work on the Continent — but other makers are not pre- 
pared to accept the responsibility. Gas-engines driving continuous-current 
dynamos are at work in parallel, and there is no reason why any number 
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of gas-engines and continuous-current generators should not work in 
parallel. The question of periodicity and of running in step does not 
arise with continuous current. It is only necessary that each generator 
should produce current at such a voltage that it will pass from the 
generator into the main. In some places gas-engines are driven with the 
waste gases from blast-furnaces. There is an enormous amount of power 
available in the gas which escapes from the top of a blast-furnace, which 
can be more economically used in gas-engines than by being burnt under 
a steam boiler. 

Oil-engines. — The same remarks apply to oil-engines that apply to 
gas-engines. They are very suitable for driving electric generators, and 
there are places where oil is the cheapest fuel available. Oil-engines have 
almost reached a state of perfection, and now use oil with great economy. 

Rope or Belt Drive. — The engine may be coupled to the dynamo 
either by a belt of leather, cotton, india-rubber, &c., or by a number of 
cotton driving-ropes. The relative merits are a matter of circumstance 
and convenience. One advantage certainly possessed by a rope drive is that 
there is less chance of a breakdown, as the ropes would break singly, 
whilst a belt breaking might cause a serious accident. 

Rope- or belt-driving requires a considerable distance between the 
driver and driven pulleys, as the necessary friction is got not so much by 
putting tension on, as by the weight of the ropes themselves. For this 
reason it is usual to make the bottom side the driving side and the top the 
slack side, as this increases the arc of contact between the rope and the 
pulleys and gives greater resistance to slipping. The speed of belts and 
ropes is governed by the tension put on them by centrifugal force, and 
should not be more than 4,000 or 4,500 feet per minute. 

Horse-power Transmitted by Belts. — The table on the next page 
shows the I.H.P. transmitted by double leather belting running at various 
speeds. 

Horse-power Transmitted by Ropes.— The power which ropes 
will transmit depends, of course, upon their number and speed, and can 
be calculated from the following formula : 

Multiply the square of the diameter of rope in inches by the velocity in 
feet per minute and divide by 300 ; the result will be the power which may 
safely be transmitted by one rope. The number of ropes should be at 
least one more than actually required, so as to allow for changing, &c 

Colliery Installations.— The most usual type of engine at a colliery 
is the horizontal long-stroke engine running at a moderately slow speed 
and driving the dynamo through the medium of ropes, and such an 
arrangement, while perhaps not so economical as some which could be 
adopted, gives good results, and is a type to which the colliery engineer is 
accustomed. For very large powers, however, it seeros probable that 
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direct-acting engines or turbines will in the future be much more largely 
employed than hitherto. The large direct-driving and reciprocating engine 
is coupled to a large dynamo and revolves at a moderate numb)er of revo- 
lutions per minute, so the difficulties of excessive speed are avoided. 

Economical Generation of Electric Power.— The question of 
the relative efficiency of the various systems of transmitting power will be 
gone into at some length in Chapter VI IL, but the economical generation 
of that power is of great importance and deserving of equal consideration. 

The question of colliery consumption has received great attention at 
the hands of colliery managers and mining engineers in recent years, and 
modern collieries have been equipped with the most economical of steam 
raising and using plant. 

In a recent paper in the * Transactions of the Institution of Mining 
Engineers/ ^ Mr. J. A. Longden gives the following particulars of colliery 
consumption, which will be useful for purposes of comparison : 



Colliery 


■Annual Output 


Coal Consumed 
Tons Per cent. 


Depth of Pits 




Tons 


Feet 


No. I 


200,CXX) 


6,400 3*2 


390 


No. 2 


300,000 


9,000 3-0 


630 


No. 3 


200,000 


7,000 35 


780 


No. 4 


200,000 


10,000 5*o 


450 


No. 5 


100,000 


10,000 lO'O 


480 


No. 6 


300,000 


22,500 7*5 


600 


No. 7 


400,000 


21,200 ' 5-3 


1,500 


No. 8 1 


150,000 


10,500 7*0 


2,000 

1 



No. 5 pit is heavily watered in proportion to its output, raising 30,000 
gallons per hour from the full depth of the pit. No. 6 pit has also a good 
deal of water, raising 15,000 gallons per hour. The economies effected in 
steam generation are by the use of high-pressure steam up to 160 lbs. per 
square inch, economisers to heat the feed water, employment of Lancashire 
boilers, use of mechanical stokers and forced draught, efficient covering of 
boilers and steam pipes. The economies effected in the use of steam are 
by a high degree of expansion, compound and triple expansion engines, 
condensers, super-heating. 

Mechanical Efficiency of Plant — With an electrical plant which 
is supplied with steam from independent boilers, it is an easy matter to 
arrive at the consumption of steam and fuel per E.H.P. per hour. The 
voltage and amperes at the terminals of the dynamo are measured,* then 

E.H.P. = —'^- , and by measuring the quantity of feed water 

746 

' Vol. xvi. 1898-9, p. 366. 

* If alternating currents are used, a watt-meter is required to measure the electric 
power. 
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supplied to the boiler to keep a constant height of water as seen in the 
gsLuge-glass, and by weighing the fuel used, the result is arrived at by a 
simple-division sum. 

Supposing the engine to be a compound condensing horizontal engine 
driving the dynamo through ropes, the steam consumption per I.H.P, (in 
a good engine) should be about 15 to 25 lbs. per hour ; if the steam con- 
sumption per E.H.P., as found above, comes to a high figure, such as 
50 lbs. per hour, it shows a great loss, and the object of the engineer should 
be to discover where this loss takes place. 

The Steam-engine Indicator. — The indicated horse-power of the 
engine can be found by means of the indicator, which gives diagrams of 
the work being done during a stroke. Diagrams are taken both at the 
back and front ends of the cylinder at frequent intervals during the test, the 
revolutions of the engine being noted by a counter. 

The average pressure during the stroke is found by dividing the area 
of the indicator diagram by its length, and multiplying by the scale of the 
spring. Then 

LH.P. =1ZMN. 

where P = the mean effective pressure in lbs. per square inch. 

L = the length of the stroke in feet. 
A = the area of the cylinder in square inches. 
N = the number of revolutions per minute. 

In a compound engine, of course, both high- and low-pressure 
cylinders are indicated, the total I.H.P. being the sum of the I.H.P. of 
each cylinder. 

We are now in a position to find the steam consumption per I.H.P. per 
hour, and it may be that the loss is chiefly taking place in the steam- 
engine. A high steam consumption may be caused by defective or badly 
set valves, leaky pistons, &c., or it may be due to condensation or leakages 
in the steam-pipes from the boiler. 

The loss due to condensation or priming should be found by collecting 
the condensed steam from the pipes. Leakages in the pipes would be 
self-evident. 

A careful study of the indicator diagram will give a great deal of 
information as to the setting of valves, &c. 

Brake Horse-power. — The brake horse-power represents the power 
available for useful work obtained by deducting from the I.H.P. the power 
necessary to drive the engine without its load. By means of a friction 
brake on the fly-wheel or driving-wheel of the engine the B.H.P. can be 
measured. The details and arrangement of a friction brake (or absorption 
dynamometer) will be seen in fig. 63, the B.H.P. being calculated as 
follows : 
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B.H.P. = 2rrN(W-gi;) 

where r is the radius in feet of the fly-wheel or pulley and rope together 
N is the number of revolutions per minute. 
W is the weight hung on the brake in lbs. 
w is the reading of the spring balance in lbs. 

Tc = 3'i4i6, or approximately — . 

7 

If the B.H.P. is abnormally low when compared with the I.H.P., it 
shows that the friction of the engine is too great, which may be due to 



Fig. 63. 




Friction Brake or Dynamometer. 

inefficient lubrication or improper design or adjustment of working parts, 
such as stuffing-boxes, guides, bearings, &c. 

Full Load and Light Load. — The plant works most economically 
at full load, because then the proportion of work done in overcoming the 
friction of the engine and dynamo and in some of the electrical losses in 
the dynamo is a much smaller percentage of the total power produced. 
The steam consumption per I.H.P. is also much greater at low loads, the 
losses in the cylinder, leakages of valves, pistons, &c., being about the 
same as when running at high loads. 

Tests of Plants. — The following series of tests have been supplied 
by Messrs. Ernest Scott & Mountain on plants erected by them : 

I. Test of Plant for the Birkenhead Electricity Works.— 

1 1 V X 21" 
Combined plant, consisting of one - * — ,, central-valve compound 

vertical engine (condensing), and 36" x 18" four-pole generator. March 
22, 1902. 



TESTS OF PLANTS 
Full Load. — Water consumption per hour, 3,725 lbs. 

Average electrical output during water-test = | *^^ amperes 

1550-2 volts , 

Water per E.H.P. = 18*55 l^- P^*" ^out. 
Water per I.H.P. = i6'20 lbs. per hour. 
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=1 



201-3 
E.H.P. 



Indicator cards taken during water-test : 






Hij 


jh Pressure. 
Bottom. 




Low Pressure. 


Top. 


Top. 


Bottom 


Diagram area . 1-55 


17 


Diagram area 


1-2 


I '4 


„ length . 


275" 


„ length . 




2-8" 


„ scale . 


120 


„ scale 




^\s 


Average mean ef- 






Average mean ef- 






fective pressure, 


■ 


709 


fective pressure, 


■ 


18-5 


lbs. per sq. in. . 






lbs. per sq. in. . 







I.H.P. in h.p. cylinder, less I.H.P. on rod = 123 — 2*7 = 120-3 
» n l.p. » I) >> » » =111 —0-7 = 110-3 

Net collective I.H.P. = 230-6 

E.H.P. when cards were taken = P^a ampires) ^^^ 

1 5 50 volts ) 

Combined efficiency, 86*7 per cent. 

Pressure at stop- valve, 156 lbs. per sq. in. Steam-pipe pressure (engine 
side of governor valve) =122 lbs. per sq. in. Vacuum, 23-5''. 
Piston rods, 2^'' diameter. 
Speed of engine, 346 revolutions per minute. 
Three-quarter Load. — Water consumption per hour, 2,992 lbs. 

Average E.H.P. during water-test = P^^'Q amperes) e.I{,T. 

^ * 1 254-0 volts I ^ ^ 

Water per E.H.P. = 19-8 lbs. per hour. 
Water per I.H.P. = 17*1 lbs. per hour. 

Indicator cards taken during water-test : 



High Pressure. 


1 


Low Pressure. 


Top. Bottom. 


Top. Bottom. 


Diagram area . 1-15 1-23 


Diagram area . 


. I -0 0-99 


„ length . 2-75" 


„ length 


2-8" 


„ scale . i2fj 


„ scale 


1 

¥(7 


M.E.P. . . 50-5 53-63 


M.E.P. . 


. 14-3 14-14 


Average M.E.P.,1 ^.^^ 
lbs. per sq. in. . ' 


Average M.E.P. 
lbs. per sq. in. 


1 
* 14-22 

• 
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I.H.P. in h.-p. cylinder less I.H.P. on rod = 91 — 2*25 = 8875 LH.P. 
» 1.-P' „ » » II == 867 — 0-55 = 86-15 „ 

Net collective LH.P. = 174*90 

E.H.P. when cards were taken = ] ^^^ ampires| 

1 55 2 volts ) ^ ^ 

Combined efficiency, 86*3 per cent. 

Pressure at stop-valve = 154 lbs. per sq. in. Steam-pipe pressure 
(engine side of governor valve) = 82 lbs. per sq. in. Vacuum = ^Z'Z"* 

Piston-rods, 2|" diameter. 

Speed of engine = 347 revolutions per minute. 

Twenty-five per Cent Overload. — Water consumption per hour, 
4,588 ibs. 

Average E.H.P. during water-test = ] 34^*5 ^'^P^'^^s 1 243-4 E.H.P. 

^531*5 volts ) 

Water per E.H.P. = 18*9 lbs. per hour 
Water per LH.P. = 167 lbs. per hour. 

Indicator cards taken during water-test : 

H^h Pressure. Low Pressure. 







Top. 




Bottom. 


Diagram area 


. 1-8 




I "95 


II 


length 


• 


*7S' 


t 


II 


scale 


• 


xiff 




M.E.P. 


. 


• 78-3 




85-0 



Top. Bottom. 

Diagram area . 17 1-45 
„ length . 2-8" 

„ scale . tV 

M.E.P. . . 24-3 207 



Average M.E.P.,| g^.^ 1 Average M.E.P.,| ^^ 

lbs. per sq. in. 1 lbs. per sq. in. ) 

LH.P. in h.-p. cylinder, less I.H.P. on rod = 142 — 3*1 = i38'9 

II l.-p. II II II II = 136 — 0-8 = 135-2 

Net collective I.H.P. = 274*1 



E.H.P. when cards were taken = 



341 amperes I 
531 volts I 



Combined efficiency, 88 65 per cent. 

Pressure at stop valve, 157 lbs. per sq. in. Steam-pipe pressure 
(engine side of governor valve) = 139 lbs. per sq. in. Vacuum = 22*9''« 
Piston rods, 2§" diameter. 
Speed of engine, 346 revolutions per minute. 
2. Test of Plant for Nettlefolds (Limited).— Combined plant, 

consisting of a - — ,>— - C.V. engine, and 39" x 13" six-pole d3mamo. 

January 10, 1902. 

Full Load. — Water consumption per hour, 6,811*2 lbs. 

Average electrical output during water-test = j^^o amperes | 268-23 



TESTS OF Pi ANTS 

Water consumption per E.H.P. 5= 25*3 lbs. per hour. 
Water consumption per I.H.P. = 22*3 lbs. per hour. 

Indicator cards : 

High-pressure Cylinder. 
Scale, YijS' Mean area, 1*97 square inch. 

Length, 33 inches. 
Average M.£.P., 71-6 lbs. per square inch. 



91 




HiGH-PRRSSURB CYLINDER. SCALE j^q. 




Low-pressure Cylinder. Scale ^. 
Low-pressure Cylinder. 

Scale, ^. Mean area, '93 square inch. 

Length, 3*2 inches. 

Average M.E.P., ij'S lbs. per square inch. 

Piston rods, 3 inches diameter. 

Mean net area of h.-p. cylinder = 11 9* 16 square inches. 

» II II 1--P- II = 411*95 If »i 
Revolutions, 320 per minute. « 

High-pressure cylinder, 12^ inches diameter. Low-pressure cylinder, 

23 inches diameter. Stroke, 12 inches. 

TT- u -^ T XT u 7i'6 X 640 X ii9'i6 ,, 

High-pressure LH.P. = i ^- — ^ = io5'39 

33,000 

Low-pressure LH.P. = ^7:6 x_ 4"-95 x 640 ^ ^^^^^^ 

33,000 

Collective I.H.P. = 305*83. 



Electrical output when cards were taken = 



870 amperes] 268-23 
230 volts ) E.H.P. 
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Combined efficiency, 877 per cent. 

3. Test of Plant for the South Durham Coal Company.— The 

plant consists of — 

One horizontal long-stroke compound engine capable of developing 
440 I.H.P., of the following dimensions : 



Diameter of high-pressure cylinder 

Diameter of low-pressure cylinder 

Length of stroke 

Revolutions per minute 

Steam pressure per square inch . 



. 18 inches 

. 30 .1 

• 40 »» 

. 80 

. 100 lbs. 



The engine is fitted with automatic expansion gear to both cylinders, 
and fitted with rope fly-wheel 16 feet diameter, grooved for fourteen ropes 
i^ inch diameter. 

The dynamo is of Scott & Mountain's six-pole type constructed for the 
following output : 



Total output in watts . 

Current in amperes 

Volts at terminals 

Approximate revolutions per minute 



220,000 
400 

550 
400 



Test made February 28, 1902. 

Constant quantities : Boiler pressure, 90 lbs. per square inch ; stop 
valve, 86 lbs. per square inch ; revolutions, 90 per minute ; piston rods, 
3J inches diameter. 



Fig. 65. 




Indicator Diagram from High-pressure Engine. Scale t^. 
Front end cards, full lines; back end, dotted lines. 



r* 




Indicator Diagram from Low-pressure Engine. Scale ,v« 
Front end cards, full lines ; back end, dotted lines. 
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Indicator cards : Six sets of cards were taken at intervals of ten 
minutes. The firstt set taken were as follows : 

High-pressure Engine. 





Back end. Front end. 


Area in square inches . , 


V2 1-4 


Length in inches . 


3-5 


M.E.P. per square inch . 


34*25 40*0 


Average M.E.P. 


37'i2 




Low-pressure Engine. 




Back end. Front end. 


Area in square inches 


o*9 1*2 


Length in inches 


3-875 


M.E.P. per square inch • 


. 372 4-96 


Average M.E.P. 


4*34 



High-pressure LH.P., less I.H.P. on rod = 172 — 2*98 = 169*02 
Low-pressure I.H.P., less LH.P. on rod = 62 — 0*37 = 61*63 

Net collective I.H.P. = 230-65 

The average of the six sets of cards was 227*53 LH.P., out of which 
23 LH.P. was utilised for other purposes, which leaves a net I.H.P. avail- 
able for driving the engine and dynamos of 204*53. 

Average E.H.P. at dynamo terminals . 
Combined efficiency . • . . 
Lbs. of coal used per LH.P. per hour . 
Lbs. of water used per LH.P. per hour 
Lbs. of coal used per E.H.P. per hour 
Lbs. of water used per E.H.P. per hour 



140 

68*5 per cent. 

3*67 
29*8 

5 '3 
44'5 



It will be seen that the engine and dynamo were working at less than 
half-load, which accounts for the comparatively high fuel and steam con- 
sumption. It is the intention at some future date to put down an 
additional pump and also to drive hauling machinery and coal cutters. 

Rope-driven Plant with High Efficiency.— The best results 
which Messrs. Ernest Scott & Mountain have obtained so far from a rope- 
driven plant (shown in fig. 66) are as follows : 

Single-cylinder engine with trip expansion gear, cylinder 19^ inches by 
40 inche% running at eighty-one revolutions per minute, fly-wheel 16 feet 
diameter, driving by twelve ropes i^ inch diameter. 

Average area of cards (each end of cylinder) = 2*25 square inches. 

Length of card, 3I ; scale of indicator spring, ^\, 

Mean pressure = * ^5 5 =:33'6 lbs. 

o / 
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ARRANGEMENT OF PLANT 95 

LH.P. = 33-6 X 298-64 X 40 X 81 X 2 ^ ^^^.^ 

12 X 33,000 
Voltage during test, 500; amperes during test, 210. 

E.H.P. = 500 X 210 ^ g jj p 
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Combined efficiency = '^^ ^^ ^ ° = 85*6 per cent 

Arrangement of Engine-house, Engines, Dynamos, &c— 

In a large installation, where everything is done by electricity, except 
perhaps the winding, it is advisable to split up the total power to be 
generated into units, so as to lessen the risk of a breakdown and con- 
sequent stoppage of the colliery. Especially is it important where venti- 
lating machinery is driven by a motor, the stoppage of which might 
occasion serious accident. This practice does not materially reduce the 
efficiency of the installation, since on light loads only a section of the 
generating plant need be kept at work, and this part may be working at 
or near full load and therefore at its highest efficiency. 

The steam-pipe connections of these various units to the boilers must 
also be carefully designed, and divided as far as possible into sections, so 
that the bursting of one pipe would not necessarily stop all the engines ; 
a good practice would be to duplicate the steam-pipe connections. 

Spare Plant in Case of Emergency. — The provision of an extra 
unit would relieve the engineer from a great deal of anxiety. With regard 
to the ventilating fan, the motor to drive this should certainly be kept in 
duplicate, just as is the case when driving by a steam-engine. Spare 
armatures should be kept for all continuous-current dynamos and motors, 
unless the armature is so constructed that a spare armature coil can 
be inserted in as little time as it would take to change the armature, in 
which case it is sufficient for a few spare armature coils to be kept in 
stock. 

Facility for Examination and Repair of Plant — It is of great 
importance that the plant should not be cramped up, and in the case of a 
large installation a travelling overhead crane is of great use in handling 
the armatures, pistons, &c. 

The dynamos and motors, when rope or belt driven, are very often 
placed on sliding rails, which enables the stretch of the belt or ropes to be 
taken up if required when running. 
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CHAPTER IV 

THE STEAM-TURBINE 
Parsons Turbine — De Laval Turbine — Curtis Turbine. 

In the ordinary steam-engine the power of the steam is made to give 
a reciprocating movement to the piston, which is converted into rotary 
motion by means of the connecting-rod and crank. Thus, at the end of 
each stroke the direction of motion is reversed, and consequently high 
speeds can only be maintained in engines of especially good construction 
and especially good lubrication. 

The steam-turbine is a rotary engine. There is no reciprocating 
motion, and the speed that can be attained is practically unlimited. 
There are three principal varieties of steam-turbine in use in this country — 
namely. Parsons', De Laval's, and Curtis'. 

Parsons Steam-turbine. 

On referring to fig. 67 it will be seen that on the turbine shaft are three 
barrels of increasing diameter, a, b, c, with rings of projecting blades on 
their circumference. These barrels are enclosed in a cylindrical casting, 
on the inside of which is another series of blades. The rings of blades on 
the case nearly touch the barrels on the shaft, and the rings of blades on 
the shaft lie between those on the case and nearly touch the case. Fig. 68 
is a view of a turbine with the cover removed, showing the rings of blades 
on the barrel. 

It will be noticed that there are three dummy barrels, d, e, and f 
(fig. 67), also fixed on the turbine shaft. These correspond in size to the 
barrels, a, b, and c, and communicate with them by passages in the casting. 
By this means the pressure is equalised in both directions and end thrust 
is prevented. The steam is admitted through a double-beat valve, h, and, 
entering the cylinder at j, passes first through a ring of fixed blades and is 
projected in a rotational direction upon the succeeding ring of blades on 
the barrel, imparting to them a rotational force. The diameters of the 
barrels are increased to suit the increasing volume of the steam as it expands, 
so as to keep the velocity at which the steam travels through the turbine 
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practically constant. The exhaust port, K, is connected direct to the con- 
denser, which may take the form of a surface condenser or a jet condenser, 
according to the nature of the water. The steam is not admitted con- 
tinuously to the turbine, but in a series of gusts, the lever, l, being 

Fig. 67. 




Pabsons Steau-turbihb. 



periodically moved up and down by means of a cam on the orepump crank- 
shaft, which is driven off the turbine shaft by a worm and worm wheel. 




Parsons Turbii 



COVEK RbMOVKD. 



The duration of the steam admission is controlled by means of a 
governor, which reflates the height of the end of the lever. The number 
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of gusts varies from i in 15 revolutions of the turbine shaft to i in 30. 
The speed of the turbine may be from 750 to 6,000 revolutions a minute, 
according to size of plant When used for dynamo-driving the armature 
is coupled direct to the motor shaft by means of a flexible coupling. 
Fig. 69 is from a photograph of a 300-k.w. turbo-alternator running at 
3,000 revolutions per minute. Similar machines have been supplied to 
Denaby Main Colliery. 

Steam Consumption of the Parsons Turbine.— When first 

brought out the turbine was popularly supposed to be very wasteful in 
steam, but long experience and improvements in the design have made 
it a very formidable competitor with the high-class modern condensing 
engine. The larger sizes are naturally more economical than the smaller 
ones, and although for colliery work such a large size as a 1,000-kilowatt 
steam turbine will probably seldom be met with, the following test is 
interesting. The machines tested were two 1,000-kilowatt steam-turbines 
for the new electric station of the city of Elberfeld, and a series of tests 
were made under the normal load, an overload of about 20 per cent., three- 
quarter load, half-load, and a quarter-load. The steam consumption per 
kilowatt per hour when working at normal load was 20*15 ^^^-l overload 
of about 20 per cent, 19*43 lbs. ; three-quarter load, 22*31 lbs. ; half-load, 
25*2 lbs. ; quarter-load, 3376 lbs. It will be borne in mind that a kilo- 
watt is 1,000 watts = ^»°°° s= 1-34 E.H.P. (see page 8). 
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While a colliery installation might for a very large concern require 
between 1,500 and 2,000 h.p., it would be divided up into a number of 
smaller units, say 500 h.p. 

The following tests ^ of two 200-kilowatt continuous-current turbine 
dynamos show the steam consumption in the smaller sizes : 



Pressure of 

Steam above 

Atmosphere at 

Stop^valve 


Superheat 
at Stop- 
valve 


Vacuum in the 
Turbine 
Cylinder 
Bar=3o" 

Inches of 
Mercury 

27*6 
28-4 
26*9 
28-0 


Revolutions 
per Minute 


Load 


Steam Used 
T K. ^, Lbs. per 

^Lr Kuo«u 

4,975 22-0 

5,079 21-9 

4,943 24-2 

950 — 


Lbs. per sq. in. 

129 
122 

119 
130 


58 
60 






3,04s 
3,010 

3,000 

3,010 


Kilowatts 

226 
232 
204 . 




It will be noticed in the above test that in two cases the steam was 
super-heated. This has the effect of lessening the steam consumption, for 

* Trials of Sttam-turbines for Driving Dynamos^ by the Hon. Chas. Parsons and 
G. G. Stoney ; International Engineering Congress, September 1901. 
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the same reasons that would apply in other engines, and also by lessening 
the friction in the steam passages. 

Size and Weight of Parsons Turbine Dynamos. — ^The fol- 
lowing table gives approximately the dimensions and weight of various 
sizes of turbine dynamos : 



Size of Turbo in 
Kilowatts 


Speed, Revs, 
per Minute 


Length 
Ft. in. 


Wi< 


Ith 
in. 


He! 


ight 
in. 


Weight 






Ft. 


Ft. 


1 

Cwt. 


SO 


4,000 


15 


6 


2. 





4 





79 


lOO 


3»5oo 


19 





2 


« 


5 


8 


1.34 


2O0 


3»ooo 


22 


6 


3 


6 


7 





221 


300 


3»ooo 


22 


6 


5 


9 ■ 


6 





270 


1,000 


1,800 


37 





^ 





9 


6 


930 ! 

1 



Installation of Turbine Dynamos at Ackton Hall Colliery. — 

Although these machines are largely employed for central station 
electrical plants, with some exceptions they have only recently been 
introduced to colliery work. One of the first installations in this country 
was at the Ackton Hall Colliery, Featherstone, where the plant has been 
running very successfully since December 1895. The original installation 
is described in the * Proceedings of the Institution of Mining Engineers.* * 

' It consists of two Parsons 200 E.H.P. steam-turbines and dynamos 
working at 500 volts pressure and running at 3,000 revolutions per minute. 
The steam enters the turbine from a pipe 3 inches in diameter, and is 
admitted in periodic blasts, one in every fifteen revolutions of the turbine. 
The plant when originally installed was not condensing, and the makers 
guaranteed a water consumption per E.H.P. per hour of not more than 
39 lbs. The complete machine measures 17 feet long by 3 feet wide, 
and no foundations are needed, the machine simply resting on india- 
rubber mats.' 

Since the above paper was written several more turbines have been put 
down, taking the place of ordinary steam-engines, and the installation now 
consists of the following : 

Three continuous-current dynamos, each of 200 E.H.P. capacity at 
500 volts ; one 200 E.H.P. turbo-alternator, three-phase at 350 volts, with a 
periodicity of 42 per second ; four continuous-current turbo-dynamos, each 
of 57 E.H.P. at no volts ; and one 400 E.H.P. continuous-current turbo- 
dynamo at 500 volts. 



• * The Use of Electricity at Ackton Hall Colliery,' by H. St. John Dumford and 
Roslyn Holiday ; Transactions Institute Mining Engineers^ xiii. 232. 
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The De Laval Steam-turbine. 



This is somewhat different in principle from the Parsons, and is more 
closely allied to the ordinary water-turbine. Fig. 70 shows a sectional view 








ri^lS 



Section and Plan of ao k.p. Dk Laval Tuhbise Motor. 
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and plan of a 20 h.p. steam-turbine motor. The ad mission -steam enters 
the turbine after having passed the stop-valve, a, of the machine. This stopt- 
valve is mounted direct on the inlet flange of the governor-valve case. 
Before the steam enters this valve it is passed through a strainer of wire 
gauze, C, which prevents any dust getting into the turbine case. In the 
gov ?mor -valve, n. which is regelated by the centrifugal governor of the 

Fig. 71. 




De Laval Steam-turbine, showing Biicket-vs 



turbine, the steam is throttled, so that only the amount which is required 
for driving the turbine at the load for the moment can enter the turbine 
case. 

The high-pressure steam passes into the chamber, e, where it is dis- 
tributed to a number of steam nozzles, which are placed at an angle of 20° 
to the vanes of the turbine wheel. The number of nozzles varies from 
one to twelve, according to the size of the machine. The passages in the 
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nozzles are conical, the object being to make the steam expand as it passes 
through, and so give to it a very high velocity. The kinetic energy of this 
jet of steam is taken up in the buckets of the turbine wheel, against which 
the steam is blown, so imparting a rotary motion to the wheel. After 
doing its work the steam passes into the chamber, o (fig. 70), and through 
the exhaust opening, n. 

The nozzles previously referred to are all provided with valves, so 
that some can be shut when the turbine is running below its normal 
load. 

Fig. 71 shows the turbine wheel with its vanes or buckets. 
The following table shows the speeds of the turbine wheels in various 
sizes of turbine : ^ 



Size of Turbine 



Middle Diameter of Wheel 



Revolutions per 
Minute 



Peripheral Speed 











Feet per Second 


5h.p. 


' 100 mm. 


4 in. 


30,000 


515 


15 ,» 


150 » 


6 „ 


24,COO 


617 


30 „ 


225 „ 


8J i. 


20,000 


774 


50 „ 


1 3^ » 


III,, 


16,400 


846 


100. „ 


1 500 »» 


19},, 


13,000 


1,115 


300 „ 


' 760 „ 


30 .» ' 


10,600 


1,378 



It will be seen that the turbine shaft revolves at a very high speed, but 
owing to the small diameter of the revolving turbine wheel there is no 
practical difficulty in designing wheels of sufficient strength ; moreover, 
the turbine wheel is entirely enclosed, which renders the machine quite 
safe. 

The speed of the turbine wheel is reduced in the machine by means of 
double helical gearing. In the smaller sizes up to 30 h.p., the pinion on 
the turbine shaft works with one gearing wheel, in the larger sizes there 
are two gearing wheels. Fig. 72 shows a 100 h.p. turbine dynamo; it will 
be seen that there are two armatures, each coupled to a large gear-wheel, 
while the turbine is coupled to a pinion which works between them. The 
speed of the dynamo shafts in a 150 h.p. turbine is 1,050 revolutions per 
minute. The armatures of the dynamo are directly connected to these 
main shafts. The speed of the machme is regulated by a centrifugal 
governor. 

The turbine is condensing ; any form of condenser may be used. 



' Paper read before the Leeds Association of Engineers by Mr. Konrad Andersson, 
January 25, 1900. 
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CURTIS TURBINE 
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Results of Tests with De Laval Steam-turbines at different Loads. 



Sixe of Machine 



50 h. p. tur- 
bine dynamo, 
test made in 
April 1895 



' Pressure . 
I of Admis- 
sion Steam 



Lbs. per 
sq. in. 

(113-8 
113-8 

93*9 
74-0 



Vacuum 



Inches of 
Mercury 

26 3 

26 '3 

26-9 

27-5 



No. of I 
Nozzles 
open 



E.H.P. 



300 h.p. tur- 
bine motor, 
test made in 
December 
1899 



1927 

1963 

196-3 
190*6 

196-3 

V213-3 



273 

27-6 

27-6 
27-8 
28-1 
28-5 



6 


49*4 


5 


40*2 


4 


25-0 


3 


12-7 




B.H.P. 


7 


303*6 



Lbs. of Steam 

per E. H.P. 

per Hour 



24-6 
25-2 
279 

325 



Remarks 



Work for con- 
densing is in- 
cluded 



4 

3 

2 

I 



172*6 
121*6 

74-2 

31-5 



Lbs. of Steam 

per B.H.P. 

per Hour 



14-1 
147 

14-5 
14-9 

17*2 

21*6 



Work for con- 
densing is not 
included 



The following table gives approximately the dimensions and weights 
of various sizes of De Laval turbine dynamos : 



! No. ' 


B.H.P. 


1 

Revolutions 
per Minute 

2,000 
1,500 
1,050 . 
1,050 


Weight 

Cwt. lbs. 

19 

63 

100 

114 


Space occupied 




of Watts 

• 1 


Length 

Ft. in. 

7 I 

7 9 
10 5^ 

II 4i 


Width 


Height 

Ft. in. 

3 5 

3 si 

4 if 
4 Ij 


I3»200 

, 33»ooo 

75,000 

100,000 


20 
SO 

no 

150 

1 


Ft. in, 

2 2j^ 

3 oj 

4 6J 
4 6j 



Curtis Steam-turbine. 

This turbine, recently introduced, differs essentially from those previously 
described, combining to a certain extent the leading principles of both. 

The turbine is of the * impulse ' type ; velocity is imparted to the 
steam through groups of expanding nozzles, after leaving which it passes 
successively through two or more revolving buckets, interspersed with 
reversed buckets on the stationary part of the turbine, these latter acting 
as guides to redirect the steam on to the next revolving bucket wheel. 

The steam thus passes through the turbine, and the energy of expansion 
is absorbed by its impact with the buckets. 

The * compound * principle is obtained by dividing the turbine up into 
two or more stages, each of which is supplied with steam from a set of 
expansion nozzles, the stages being kept quite separate by a steam-tight 
diaphragm except where these nozzles are inserted. Fig. 73 shows the 
position of the moving and stationary buckets with relation to the nozzle. 
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For sizes of 500 k.w. and over the turbine is constructed with a. 
vertical shaft, the weight of the revolving part being supported by a step 
bearing of special construction. It consists of two circular bearing blocks, 
one of which revolves with the shaft and the other is fixed to the base. 
Water is used as a lubricant and is forced in by a pump until the pressure 
is sufficient to carry the whole weight of the revolving parts. 

The speed of a 2,500 kilowatt Curtis turbine is 750 revolutions per 
minute. The governing is effected by a group of steam admission valves, 
under control of the gover- 
^'°- ^3- nbr, which admit steam to 

the Jirst set of nozzles. It 
will of course be understood 
that the vertical type of 
turbine effects considerable 
saving in floor space over 
the horizontal turbine, al- 
though for colliery generat- 
ing stations this advantage 
is not of such moment as 
in a town, where the possi- 
bility of extension may be 
limited. 

Fig. 74 shows an outside 
elevation of a 1,500 k.w. 
t h ree-phase tu rbo -generator 
(i 1,000 volts) made by the British Thompson Houston Company for the 
Yorkshire Electric Power Company, The generator is mounted above 
the turbine, and of course it is essential to have convenient travelling cranes 
for lifting the turbine for adjustment or repair. 

Advantages of the Steam-turbine.— The chief use of the steam- 
turbine in this country has been found in direct driving of dynamos. It 
has so far not been found practicable to take power off the motor shaft by 
means of a belt or ropes, as this would introduce a side pull on the 
turbine shaft and cause great trouble with the bearings.' 

Among the advantages of using the turbine for the generation of 
electricity are the following : 

(i) A great saving in floor space, and consequent cheapening of 
engine-house, (z) Heavy foundations are not found necessary, owing to 
the freedom of the machine from vibration. It has been found possible, 
indeed, to entirely dispense with foundation bolts. (3) There is no rubbing 
action in the cylinder, consequently no oil is employed except in the 
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' Power may be taken, however, from the second n 



n shaft, either by belt o 
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bearings, and this should reduce the amount of oil in the exhaust steam. 
(4) It is possible to utilise a considerably higher vacuum with a turbine 
than with a reciprocating engine, on account of the impracticability of 
using large enough cylinders with the latter type to take the largely increased 
volume of the steam at high vacua. In spite of this economy, however, it 
is by no means proved that a turbine is more economical in sieam con- 

Fic. 74. 




1,500 K.w. Curtis Turbo-Generator. 

sumption than a high-class compound condensing engine, and in small 
sizes it is undoubtedly less economical. (5) An interesting application of 
the fact that high vacua can be used is the utilisation of enhaust steam 
from non-condensing engines in a turbine to which a condenser is applied. 
Great economy is claimed by the use of this system. 
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CHAPTER V 

DISTRIBUTION OF ELECTRICAL ENERGY 

. . Various Systems : Series ; Parallel ; Two-phase ; Three-phase. 

This is a subject of great importance, and one that requires careful 
forethought in planning any new system of supplying electricity to either 
lamps or electro- motors. There are a number of systems of distribu- 
tion, each possessing advantages peculiar to itself, and these will now be 

considered. 

Series System. — This is represented diagrammatically in fig. 75, 
where all the lamps, l l, are in simple series with one another and with 
the generator, g. This is a constant-current system, the E.M.F. of g being 
made to vary proportionally to the number of lamps, l, alight. The system 
is almost entirely restricted to arc-lamp lighting, though there is another 

Fig. 75. 
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Series System. 

system with which such lamps are used. The current is, of course, the 
same at all parts of the circuit, being equal to that taken by any lamp, which 
varies from 10 to 12 or 15 amperes. Hence, though the insulation must be 
good on account of the high voltages (up to 3,500) often used, the section 
of copper, and therefore the amount of copper sunk, in this system is 
small. The system is only used for direct current at high pressure. 

Two-wire Parallel System. — This is shown in fig. 76, and 
consists of two mains, running all the way from the generator, g, to where 
the power is required. The lamps, l, and motors, m, are connected across 
the mains where required, and are said to be in parallel with one another 
across those mains. In this system the voltage between the mains is approxi- 
mately constant everywhere ; but the current developed is equal to the sum 
of all the currents taken by the separate lamps and motors, and therefore in 
a large system this amounts to a great quantity, and will require a large 
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amount of copper to be sunk in the mains, unless the pressure across them 
is considerable. This at the present day would be either about too or 200 
volts where there is much lighting to be done, but in the case of a circuit 
where motors formed the chief load the voltage would be higher. If the 
voltage is 200, we could employ 200-volt motors and either 200-volt 

Fig. 76. 
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Two-wiRB Parallel Svstbm. 

glow-lamps or connect two loo-volt glow-lamps in series across the mains, 
as shown at a, when, if one of the two fails, the other will go out also. 
These could also represent arc lamps of the 100- volt enclosed type, two 
being in series across the 200-volt mains ; or, lastly, 200-volt enclosed arc 
lamps could be used, but this is not to be recommended. This system is 
widely used for both direct and single-phase alternating currents. 

Three-wire Parallel System.— This is shown in fig. 77, in which 
there are two similar generators, Gi G2, connected in series, and three dis- 
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Three-wire Parallel System. 



tributing mains running from them as shown. The middle wire and one outer 
main form one secfion, and the middle wire and other (m/er main the other 
section. Lamps are connected across the two sections in such a way that, 
as nearly as possible, the same number shall be alight at the same moment. 
If equality were always exact, the middle wire {c) might be very small 



no 
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and not even connected to the junction of G| Gj. It is, however, usual to 
make c one-half the section of a or ^, as there is generally a want of balance 
of at least lo per cent, in a well and carefully planned system, though 
often far more. In the remote contingency of all the lamps, &c., being 
out on section a c, say, then c would have to carry the current for 
section cd — in fact, the same as ^. A motor, m, would be placed across 
the outers, a d, so as to avoid throwing out the balance when switched on and 
off and affecting the voltage on the lamps. The advantage of the three-wire 
over the two- wire system lies in the increased voltage, for, suppose Ci G2 each 
gives 200 volts, that between a and fi equals 400 volts, and we may r^ard 
the two sections as being in series. Hence, twice the power can be trans- 
mitted for the same current in the three-wire than was possible in the two- 
wire system with only a small percentage increase of copper laid out, due 
to the extra main. This system is applicable to both direct and single- 
phase alternating currents, for both of which it is widely used. In the 
latter, however, a single static transformer takes the place of G] G} ; the 
primary being connected by two mains to the alternator, the secondary 
being in two halves, each of which feeds one of the two sections. The 
total power delivered equals the sum of the two powers given to the two 
sections. 

Two-phase Four-wire Ssrstem. — ^This is shown in fig. 78, the pair 
of mains, a and ^, going to Phase I. and the other pair to Phase II. All 
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Two-phase Four-wire System. 



four mains are the same size, and the voltages across I. and across II. are 
equal. Lamps, l, are connected as shown, and, of course, a two-phase 
motor, M, would be connected to all four mains. The total power trans- 
mitted equals the sum of that in the two sections or Phases I. and II. 

Two-phase Three-wire Ssrstem. — This is shown in fig. 79; two 
mains, one from each phase, are connected together, as at j, to form a single 
third main, ^, which is >/ 2 times the sectional area of either a or r, because 
it has to carry %/ 2 times greater current. The voltage between a and 
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c will be >/2 times that between a and b and between b and c. This 
arrangement is generally used for transmission only, usually at high pressure, 
as the amount of copper required is only 85 per cent, of that needed in 
fig. 78 for the same power transmitted and the same maximum voltage 
between wires. 



Fig. 79. 
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Two-phase Thrbb-wire System. 



Three-phase Ssrstem.— This requires three mains of equal section, 
and the power delivered in such a system is equal to %/$ x amperes in 
one main x voltage between two mains x power factor of circuit ; pro- 
viding, of course, the three sections are equally loaded. In this system 
only 75 per cent, of copper is required in the main, as compared with the 
two-wire single-phase or four-wire two-phase system for equal power trans- 
mitted and equal drop of voltage and pressure at the lamps. 

The two-phase system is easier to regulate than the three-phase when 
lamps and motors are combined, but for motors only the three-phase 
system is the best and simplest to regulate. In this latter system the three 
wires can be run side by side as one cable, or can be separated to any 
distance required to suit convenience. In the workings of a mine three 
separated mains might be better, for if a fall occurred and one was broken, 
the other two mains might escape. If all three were bound together in 
one cable, all might be damaged by a fall of the roofing. If the cables are 
armoured, however, they must be carried together and the armouring 
made to enclose all of them, as the induction effect of iron between one 
cable and another would be very serious. In cases where current for 
lighting and power purposes is taken from the same circuit, switching a 
motor into or out of circuit may affect the voltage, and therefore the 
brilliancy, of the lamps burning on the circuit. This is certain to occur 
except when the mains are of ample cross-section or only small motors are 
being switched on or off, or except when the distributing mains are * fed,* 
as it is termed, at frequent intervals by separate mains, called feeders, 
which run from the same or a similar dynamo in the generating station 
direct to XhQ feeding points. 

Three-phase Four-wire System,— Where it is desired to run 
lamps or small single-phase motors from a three-phase system, a fourth 
wire secures a better regulation between the phases. The windings of the 
three phases in generators, motors, and transformers usually start from one 
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common junction called the neutral point. A 'neutral' main may be 

connected to this point and lamps connected between this main and each 

of the other three. A larger number of lamps on one main than the others 

will cause an * out of balance ' current to flow along the neutral, and the 

voltage on the other two phases will be very little affected ; more especiall7 

is this so if the lamps are on the low-pressure side of a transformer, which, 

while receiving its current from three mains, distributes to the lamps by 

four. In this way single-phase motors of some size can be run without 

seriously affecting the regulation at the generating station. Instead of 

having a fourth wire, the neutral point in a three-phase system is sometimes 

earthed and the out-of-balance currents flow through the earth. It is often 

preferable and in some ways safer, however, to have the whole system 

completely insulated from earth. The voltage between any main and the 

I 
neutral in a three-phase four-wire system is n/3 times that between the 

two mains. 
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CHAPTER VI 

STARTING AND STOPPING ELECTRICAL GENERATORS 

AND MOTORS 

Generators — Motors — Switchboard — Starting Resistance— Switches — Anti-sparking Oil 
and Enclosed Switches — Lightning Arresters — Fuses — Magnetic Cut-outs — Ampere- 
meter, Voltmeter, Wattmeter, Electricity-meter. 

Generators.— We will assume that the first start is in contemplation, 
and that the connections between generator and switchboard are correct. 

The first thing should be to see that the oiling arrangements are in 
working order, and the brushes adjusted to a suitable pressure on the com- 
mutator or collecting rings. This should be as light as is compatible with 
a good rubbing contact The main-current switches {vide page 126) being 
open — i.e, not making contact — start up the generator by the engine to 
the rated speed ; then in the case of alternators switch on the exciting 
current and adjust its strength, by means of the rheostat in series with the 
field coils, so as to give the required voltage for the circuits. If now these 
last-named have shown a good insulation resistance, close the main-circuit 
switches, when the current will be available in the various circuits. Should 
the exciter or direct-current dynamo, usually driven by the alternator, 
not excite itself, as is often the case with new machines, the switch in the 
exciting circuit should be opened, and the field coils should be disconnected 
from the armature and connected to a source of direct current in such a 
way that they are temporarily magnetised, so as to develop the right 
j)olarity. The current being cut off after a minute or so, they are 
re-connected in their proper place, when usually there is no further diflS- 
culty in getting them to excite on closing the exciting-circuit switch. 
Almost any small direct current will serve to create some residual 
magnetism after it is cut off, and it is on this that the building-up^ as it is 
termed, or self-exciting, of direct-current machines depends. The same 
remarks apply to the starting up of direct-current generators, except that in 
starting up they usually excite themselves. If not apply the preceding 
method of getting them to do so. In no case should a generator be 
switched into circuit until it is generating the required voltage for that 
circuit as indicated on the voltmeter on the switchboard, and in direct- 
current machines this can be obtained by either speed variation or by 

I 
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rheostats in the shunt circuit of the dynamo. In this connection it will be 
remembered that the greater the exciting current, and then-fore the field, 
the greater will be the E.M.F. for a given speed. 




Main Switchboard. 



STARTING OF MOTORS 



IIS 



Motors. — When installing electro-motors in a mine, especially a 

damp mine, it is often found beneficial to first thoroughly dry the 

motor by baking it in an oven at some suitable temperature, say 60° 

or 70° C. above that of the air. This operation thoroughly dries the 

insulation of all the copper circuits, and seems to prevent the absorption 

of moisture in it afterwards. In thd experience of the authors several 

motors not so treated have given trouble from their insulation breaking 

down, while those baked in the above manner have given no trouble in 

this respect. 

Fig. 81. 
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Indicates cable connections to dynamo ^ circuits. 
Connections of Switchboard. 



If this method is not convenient, the motor may be run for an hour or 
two on a low voltage, obtained by putting it in series with a resistance ; a 
water resistance will be convenient for this purpose. When the motor gets 
thoroughly warmed and dry, the resistance may be gradually cut out until 
the full voltage is applied. 

In starting a direct-current motor, assuming that all connections are 
correct, the first point is to see that the oiling arrangements are in good 
working order, and that the starting resistance is fuii in ; for suddenly 
switching the current on to the machine with no or very little resistance in 
series with its armature would not only cause a heavy rush of current, 
which would blow the protecting fuse, but might damage the armature con- 
ductors. The switch may next be closed and the starting resistance 
gradually cut out until the motor is left working on the mains by itself. As 
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load is put on, the speed, if tt falls, can be raised by weakening the field of 
the machine — i.e. by increasing the resistance in series with the field-coils. 

In stopping motors the resistance in the main rheostat should always 
be inserted to the full before breaking the main switch. There axe, how- 
ever, automatic switch rheostats which combine these two operations at 
one and the same time. 

Switchboards. — These are enamelled slabs of slate, marble, or other 
insulating material, to which are fixed all the necessary appliances, such as 
measuring instruments, switches, cut-outs, and rheostats, for regulating and 




Automatic Switch Rheostat. 



controlling the supply of the electric current. Figs. 80 and 81 show the 
general view and diagram of connections of a main switchboard made by 
the General Electric Company for the parallel running of two dynamos. At 
the top (fig. 80) are two ammeters and two voltmeters of the Stanley type 
(page 1Z7). Underneath the left-hand instruments is a Stanley automatic 
minimum cut-out. Lower still is a three-pole Peel switch with double-pole 
fusible cut-out termiml underneath, and at the bottom a 13-point shunt- 
reguiating switch. This is the dynamo panel. The circuit panel, on the 
right, contains the ammeter and voltmeter, two double-pole switches with fuse 
cut-outs. Combining another similar pair of panels with that of fig. 80, we 
obtain four, of which fig. 81 is the diagrammatic sketch. There are, of 
course, very much larger and more elaborately equipped main switchboards, 
but this description wilt serve our purpose sufi5ciently well. 
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Motor-Starting: Rheostats.— These are appliances for starting up 
a motor to full speed by the adjustment of the resistance in circuit with- 
out fear of injuring it, and at the same time for immediately switching it 
automatically out of circuit should the field of the motor cease to act or 
the supply of current be cut off. Fig. 82 shows one type made by the 
General Electric Company, London. It consists of a slate panel, on which 
are fixed the multiple-way contact blocks, which are connected to suitably 
adjusted resistance coils of bare high-resistance wire. To start the motor 
when connected to this starting resistance, the contact lever is slowly pulled 
round clock-wise over the contact blocks, thus cutting out resistance in 
the main circuit until it is as far to the right as it will go. The electro- 

FiG. 83. 




Motor Startbr fitted with no Volt and Ovbkload Releases for 
' Continuous Current Motors. 

magnet then holds it there if the field is fully excited. The motor is now 
rutming at full speed. If the supply is cut off the lever is released by the 
magnet (which fails) and flies back under the action of a strong spring, thus 
cutting out the motor. 

A very neat and compact form of safety enclosed liquid-starting 
resistance switch, devised by Mr, J. H. Woolliscroft, has recently been 
put on the market by the Sandycroft Foundry Company of Chester, It is 
specially designed for starting electro -motors in coal mines or other places 
where absolute safety is required. 

A photograph of one of these starters for a 10 h.p. motor is shown 
in fig. 83, while its construction and circuit connections are indicated 



Ii8 



ELECTRICITY AS APPLIED TO MINING 



diagrammatically in fig. 84. It consists of a cast-iron case, b, free to turn or 
rotate through a certain angle on insulating bearings, j, and filled to the level, 
F, with the resistance liquid. A lever, a, which rotates concentrically with 
the case, b, is held by a catch when in the vertical position, and carries a 
minimum release or retaining coil, e, connected in series with the field coils 
of the motor. 

The case, b, is caused to turn when engaged by the armature, g, of the 
coil, E| fixed to the case, as the handle, a, is turned. A sliding contact, c, 
fixed to an internal blade rotates with the case, b, but is insulated from it. 

Fig. 84. 
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Diagrammatic View of Motor Starter. 



A maximum release, d, is protected inside the cast-iron bearing pedestal, 
and a short-circuit contact, h, is fixed to the case b. Fig. 84 shows the 
switch with circuit open and ready for starting. 

In actual operation the current passes by way of the positive main to 
the axis of the containing case, b, and then to the liquid. Here the 
circuit to the armature is open, as the insulated blade is out of the liquid. 
The only path open, therefore, is through the coil, e, thence through the 
field coils of the motor to the negative main. 

When, therefore, the coil, e, is energised by the current which also excites 
the field of the motor, the case, b, can be turned by turning a. The blade 
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then descends into the liquid, gradually cutting out all resistance until the 
short-circuiting connection, h, in contact with the case, b, engages in the 
terminal, k, thereby cutting out entirely the blade from all local action. 

If an overload comes on, the coil, e, is short-circuited by the maximum 
release, and the case, b, revolves back to its original * off' position by the 
aid of a spring. 

In this operation all resistance is thrown in before the circuit is opened, 
the current being thus reduced to a very small value, and then broken 
between the point of the internal blade and the liquid. No external spark 
is therefore possible. If the motor is stopped by opening the main switch, 
the liquid switch finally automatically opens the armature circuit. Should 
a careless operator try and start the motor too quickly, the large current 
which will result operates the maximum release and leaves the handle 
free in his hand, the case, b, having returned to the 'off' position and 
opened the circuit. The simplicity of construction, reliability of action, 
absence of sparking, and immunity from damage to the motor when in 

Fig. 85. 
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Connections for Shunt- wound Motor. 

inexperienced hands, are the advantages claimed for this form of starter 
over those with metallic resistances, which may be burnt out through the 
instructions for their use being ignored. 

There is no creeping of the liquid and next to no evaporation, as is 
proved by the fact that in one of these starters used many times a day for 
eight months the level of the liquid had decreased only \ inch. This 
type of starter is made up to 120 h.p. and over. 

Starting Shunt-wound Motors.— On switching current on to a 
shunt-wound motor, there are two paths open to it, the armature and the 
field windings. The armature is of low resistance, and the field of high 
resistance and the self-induction of the field is large. Consequently, at the 
moment of switching on a very small current flows through the field, which 
does not rise to its full value for an appreciable time : the armature, 
however, would take a very large current at once if allowed to do so, 
before the armature could speed up and create the necessary back E.M.F. 
To prevent this, shunt motors are usually started by the arrangement 
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shown diagrammatically in fig. 85. The two-pole switch being put in, only 
^ a very small current is allowed to pass through the armature, owing to 
the resistance of the starting switch ; the shunt, however, is receiving its full 
voltage, and consequently has time to reach its proper strength before the 
attendant begins to switch out the starting resistance. Owing to the self- 
induction of the field winding, the current in it cannot be stopped 
suddenly any more than it can be started suddenly, and the attempt to do 
so is dangerous to the insulation. In the arrangement shown in the figure, 
when the motor has been switched off, the shunt current can continue flowing 
through the armature and starting resistance until it has time to die away. 
It is exceedingly important that means should be provided for the dis- 
charge of the shunt through a resistance in this or in some other way. 

Starting Series-wound Motors. — In a series motor there is only 
one path for the current through the field and armature windings in 
succession, and the self-induction of the field would partially prevent such 
a large rush of current through the armature on switching on as in a shunt 

Fig. 86. 
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Connections for Starting and Reversing Series- wound Motor. 



machine. It is, however, necessary to start with a resistance in series with 
the machine, as in the case of a shunt-wound motor. Fig. 86 shows the 
connections for starting a series-wound reversing motor : the direction of 
rotation is changed by reversing the current through the armature, while 
the direction of flow through the field coils remains the same. The 
connections are made by two parts of the same lever insulated from each 
other and pivoted in the centre. The resistance shown connected in 
parallel with the field is non-inductive and very high compared with that 
of the motor. While the motor is running very little current passes through 
it, but when the switch is thrown out it acts as a field discharge and 
protects the insulation from the shock which would otherwise be caused 
by the sudden interruption of the field circuit ; it is not absolutely 
necessary, but it is a desirable precaution, especially if the motor is 
switched off under a heavy load. 

Switches. — For mining work, at all events in the * workings ' where 
it is possible for gas to accumulate, either liquid-break or enclosed switches 
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should be used, so as to avoid the possibility of firing the gas. Figs. 87 
and SS show respectively a single- and a double-pole liquid switch. Re- 
ferring to the fonner, it consists of a grooved sector, provided with a 
handle, and pivoted on a horizontal spindle supported by the framework 
shown. A flexible cord hangs from the sector, and is capable of raising or 
lowering a contact immersed in oil, or other suitable liquid, contained in a 
vessel the lower part of which supports a fixed contact piece. The con- 
FiG. 87. 




SiNGLB-POLB Water Switch (Scott & Mountain). 

uct between the fixed and movable blocks or pieces is therefore made or 
broken in the liquid, and therefore the spark is immediately extinguished, 
and can never get to the surrounding gas. The form of liquid switch 
illustrated is made by Messrs. Ernest Scott & Mountain, of Newcastle-on- 
Tyne. Fig. 88 shows the double-pole form of similar construction, and 
fig. 89 another variety of liquid switch, both made by Messrs. Scott & 
Mountain. In this latter, by turning the band-wheel at the top, the 
central plate is lowered on to the bottom of the outer case containing 
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liquid, which completes the circuit ; the moving part moves along insulat- 
ing guides and cannot touch the case, and so forms one pole of the switch. 
In the case of enclosed switches the containing- box must be as air-tight 
as possible, and be capable of withstanding the explosion of its contents 
of gas without communicating it to the gas outside ; and for that reason 
the internal air space must be reduced to the smallest possible amount, and 
any openings through which air can pass must be so narrow and long that 
the flame of an internal explosion would be extinguished in passing ; the 




DODBLB-FOLK WATER SwiTCH. 



smaller the total amount of openings in proportion to the cubic contents of 
possibly explosive gas, the longer must be the narrow passage to e^nguish 
the gas flame. In testing safety-lamps it has been found that the holes in 
the wire gauze of a Clanny lamp are sufficient in number and total area to 
allow the passage of all the exploded gas that the lamp can contain, at such 
a slow speed that it is cooled by the wires below burning point before it 
gets outside ; but if the gauze is covered up for three-quarters of its area, 
the flame would be forced through the remaining part. The thickness of 
the wire gauze is about '5*^ inch, and that is the length of the passage ; 
the width of the passage is about -^ inch. If the passage is made i inch 
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long it would have fifty times the cooling effect ; but if it is a slot instead 
of a pipe it would have only one-half the cooling effect ; thus a slot 
I inch X Vd ■''ch in section x i inch long would probably be twenty-five 
times as effective for cooling as one hole in the gauze of a safety-Urap. 

Fig. 89. 




SlNOLE>FOLR WaTBK SWITCH. 

LtshtQloS Arresters. — These are appliances which are inserted in 
the circuit of an overhead main to protect the main and machines, &c., 
connected with it, from fusion due to discharges of lightning. 

They are important adjuncts, as the line wires are liable to tie struck at 
any moment when laid above ground, or if there is any electrical disturbance 
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heavy dischai^es may take place along the wire, even without an actual 
flash. There ore several well-known fonns, and amongst them we may take 
the Thomson- Houston magnetic blow-out arrester. This consists of an 
electro-magnet terminating at its upper end in two upright metal homs, 
which curve away upwards from each other. The lightning on striking the 
line connected to one horn leaps across the short air gap between the lower 
ends of these horns, thereby causing the line current to flow to earth through 
the electro-magnet, one end of the coil of which is connected to the other 
horn. This, becoming magnetised, blows the arc across the homs higher 
up, until the gap is too long for the arc to exist, when it goes out. 

This form of arrester can deal quickly with any number of successive 
discharges, which is an advantage. With high voltages it is necessary to 

Fig. go. 




DouBLK-poLB Cut-out (Cover Off). 



have more than one lightning arrester, a number being placed in ' banks ' 
in series and parallel lo prevent the line current from following the lightning 
discharge to earth. It is of great importance that an overhead line which 
proceeds into the pit should be thoroughly protected by lightning arresters, 
as the effect of a discharge down the pit might be extremely serious. In 
addition to lightning arresters, lightning conductors should be fitted to the 
posts or other erections employed to support the electric overhead wire ; 
these conductors being simply wires making good contact with the earth 
at the foot of the post, and projecting some 12 inches or more above the 
top of it. 

Cut-outs. — These are devices for protecting the circuits and machinery 
from abnormal overload currents, which, if they did not actually fuse or bum 
up the machines or mains, would ruin the insulation of them, and might 
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set fire to the premises in which they were placed. Fig, 90 shows one type 
of double-pole ' cut-out ' known as the ' Champion,' and supplied by the 
General Electric Company, London. It consists, as seen, of a porcelain or 
china moulding, carrying four terminals, to the bases of which (not visible) 
are fixed metal cups, or thimbles, for soldering the main cables into. The 
two mains are cut, the ends of one being soldered to the two terminal cups 
on one side of the raised ridge, and the ends of the other to the pair on the 
other side. A piece of wire, made usually of nearly pure tin, which melts at 
a low temperature, is clamped under the nuts of each pair of terminals, and 
the china cover fixed, as seen in fig. 91. The gauge of fuse wire is so 
chosen that it melts on the current attaining a certain known strength, and 
cuts the current off. It is called ' double pole,' because a fuse is inserted 
in each main. There are many other forms of cut-outs, but space will not 




DOUBLE-FOLE CUT-OUT (COVBR On). 



permit of their description. A common form for low voltages being an 
uncovered fuse wire attached to screw terminals, great care should be 
taken with this form that no improper fuse is put in ; one of the most 
frequent causes of breakdown with motors is that they are overloaded, the 
fuse melts, and some one puts in a bigger fuse or a piece of copper wire to 
prevent it melting again ; the motor is then unprotected and may very 
likely have its insulation burnt out by overload. For high-tension work 
fuses must be enclosed and of special form, being either immersed in oil 
or enclosed in a glass tube which is fitted with terminals to push into 
spring contacts. There is little chance of an improper fuse being inserted in 
such a holder, and it is safer than an open fuse in many ways. 

Callender's Cable and Construction Company make a good form of fuse 
box in which there is combined a switching arrangement. On opening 
the lid the current is switched off, and thus a fuse can be replaced without 
touching any live conductors. 
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Mi^rnetic Cut-outs. — These are cut-outs either by themselves or 
in combination with switches, which work solely by the electro-m^netic 
effect of the current, and not by the heating effect, as just instanced. The 
electro-m^netic cut-out switch is so arranged that when the current attains 
a certain strength a trigger is released by the electro -magnet, and causes 
the switch to spring open. These cut-outs are also made with a time limit 
relay, so that a momentary overload which may not do any harm will not 
open them, but the overload must be Icept on for a certain definite time 
before the snitch will act. Circuit can only be made again by closing the 
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(Closbd) Automatic Release Switc 



switch in the usual way. The cut-out portion can be adjusted for a range 
of 50 per cent, below to 50 per cent, above normal current As soon as 
the current reaches the amount to which the instrument Is set, the switch is 
opened and the current stopped. Figs. 92 and 93 show this kind of switch, 
closed and open respectively, as made by the General Electric Company, 
I -on don. 

Electrical Measuring: Instruments.— The practical electrical 
engineering measuring instruments in use at the present day take a great 
many different forms, but all work on principles which depend on one or 
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Other of the properties of an electric current (wifepage 3)— viz. the eUctro- 
magnefu, tleefro-s/aiic, chemical, and /"Af/ww/ properties. But, whatever the 
principle on which they work, they raay be classified as follows : 

Ammeters for measuring the current in a circuit 

Voltmeters for measuring the voltage across a circuit. 

Wattmeters for measuring the power given to a circuit. 

Electricity-meters for measuring the enei^ given to a circuit. 

We will now briefly consider each of these in turn. Ammeters and 
voltmelers of the electro-magnetic type diSer merely in the winding of the 
actuating coil, so that we will confine ourselves to describing simply one 




Electro-Magnktic Voltmbter. 



well-known form of this type — the Stanley — made by the General Electric 
Company, London. 

Fig. 94 shows the back view of a voltmeter, with case removed. 
The bobbin at the top is wound with a large number of turns of fine silk- 
covered copper wire, and is connected in series with a large resistance 
made of fine wire of a special alloy, which alters its resistance very little 
with slight change of temperature, and wound on the two porcelain 
bobbins or frames shown below it. The form of this is such as to allow 
the heat generated by the current in the wire lo escape easily. The 
extremities of this combination are connected to the two terminals of the 
instrument. The ammeter of this make only contains the top bobbin, now 
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wound with thUk copper wiie for carrying the ibain currents. In all cases 
the internal opening in the bobbin contains a piece of soft iron carried 
on a hght spindle, suitably pivoted in jewelled centres, and carrying the 




Leakage Current Indicator. 
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pointer, not seen in fig. 94. VVhen a current flows through the coil the 
interior becomes a powerful field, which alters the position of the iron 
needle, thereby causing the pointer to take a certain position on the scale 
corresponding to the known measured current or voltage. Fig. 95 shows 
a voltmeter of this make complete. 

Another type of instrument widely used nowadays, though more expen- 
sive, is that known as the moving coil, permanent magnet, ammeter and 
voltmeter. In these the scale is graduated in equal divisions throughout, 
and the pointer immediately takes its position corresponding to any altered 
current or voltage without swinging to and fro a few times either side of it. 
This is an adyantage when a current or voltage has to be measured which 
fluctuates. Some of the different makes of the type of instrument described 
above are provided with damping devices to bring the pointer quickly to 
rest. Such instruments are called * dead beat.* 

A Wattmeter is a combination of an ammeter and voltmeter, which 
by the deflection of its pointer shows at a glance the power in watts given 
to the circuit. It consists of a fine wire (volt) coil pivoted close to a fixed 
thick wire (current) coil, the latter connected in series with one of the mains, 
the former across them. The action of one on the other causes the 
moving fine wire coil to deflect by an amount proportional to the watts 
given to the circuit in which it is placed. A wattmeter should always be 
used on an alternating current circuit, as the power cannot be directly 
ascertained by ammeter and voltmeter. 

Electricity-meters are instruments having continuously moving parts, 
by means of which the total amount of power supplied in a given time is 
recorded on dials like those of a gas-meter. Space will not permit of a 
further description of such instruments here, but a detailed description of 
all the many forms of the various types of ampere-, volt-, watt-, and 
electricity-meters used in this country and abroad will be found in Parr's 
* Electrical Engineering Measuring Instruments,* * to which the reader is 
referred for further information. 

Harth Detectors. — It is desirable to have on the generating, station 
switchboard some means of ascertaining while the plant is at work whether 
the insulation of the entire installation from earth is complete; for this 
purpose * earth* or * ground detectors* are fitted. A simple form consists 
of two or more lamps connected across the mains. A 200-volt circuit 
would require two 260-volt lamps, a 500-volt circuit four 250-volt lamps. 
The central point of this lamp system is connected through a switch to 
earth, there being an equal number of lamps on each side of the earth 
connection. So long as the insulation is complete all the lamps will glow 
dimly, being supplied with only half their proper voltage. If a fault is 
present, however, say on the positive cable, a current will flow from the 

* Blackie & Son. 

K 
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fault to earth, and through the earth connection of the ground detector, 
through the lamps on the negative side to the negative cable. Thus, if 
the lamps on the negative side are brighter than those on the positive side, 
there is a fault in the positive cable and vice versA. Another more expen- 
sive but more satisfactory form of. earth detector on high-voltage circuits 
consists of a high resistance voltmeter, one terminal of wliich is connected 
to ea^*th, and one to a two-way switch by means of which it may be con- 
nected to either cable. So long as no fault exists the voltmeter will show 
no deflection on being connected up, since no current can pass through it, 
but if a fault exists in the opposite cable, a current will pass and show a 
deflection ; if the fault is a * dead earth ' the voltmeter will show the full 
voltage of the system ; if it is only a partial earth it will show something 
less. 

The Special Rules for the Installation and Use of Electricity in Mines 
provide that *£arth or fault detectors shall be kept connected up in 
every generating station. The reading of these instruments shall be 
recorded daily in a book.' 

Fig. 96 shows an instrument which has been specially designed so 
that the leakage current to earth and the insulation resistance can be at 
once ascertained. 

The standard size as illustrated is suitable for installations not exceed- 
ing 500 amperes maximum supply and is suitable for any voltage. The 
pointer shows at a glance whether the leakage current is within the 
prescribed limits. Two sets of terminals are provided for testing both 
positive and negative sides of two separate supply systems. One terminal 
of the instrument is connected to an earth plate or to a convenient steam- 
or water-pipe, the other terminals respectively to the positive and negative 
bus bars or main terminals of the switchboard. 

If there is a bad fault on either main the small fuse will blow imme- 
diately the key is pressed. 

The scale is calibrated in milli-amperes and represents thousandths of 
the supply current. 

The insulation resistance to earth may be calculated by the formula 
R = V 
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ELECTRIC CABLES, ETC, 

Electric Cables — Varieties of Cable Construction — Size of Cable for a given Current — 
Details of Conductors — Aerial Cable — Insulators — Carrying Cable down Shaft, and 
in Underground Workings. 

The selection of a substance to act as a conductor of the electric current 
is largely governed by the resistance which it offers to the passage of that 
current 

The resistance offered by a conductor may be likened to the resistance 
to the air current in the passages of a mine — i.e, it varies directly as the 
length and inversely as the sectional area,^ and just as the coefficient of 
friction (or resistance for unit area and unit rubbing surface) in a mine 
varies with the nature of the roads, so the specific resistance (which is the 
resistance for unit length and unit area) of a conductor varies with the 
material of which it is composed. 

The specific resistance of a substance is the resistance of a length of 
I centimetre with an area of i square centimetre at a temperature of 
o° C. (32° F.). The specific resistance varies directly with the tempera- 
ture, but in ordinary ranges of temperature this variation is not very large. 
The resistance of pure copper rises with the temperature '238 per cent, per 
degree F. or "428 per cent, per degree C 

Specific Resistance of Metals. 
Name Specific Resistance in Microhms 

Silver annealed ... . . i '468 



Silver hard-drawn 
Copper annealed 
Copper hard-drawn 
Aluminium annealed 
Zinc annealed 
Iron annealed 
Tin annealed 
Lead annealed 
Mercury hquid 



I '620 
1-561 

I'62I 

2*665 

5751 
9065 

13-048 

2038 

94-07 

• This applies to all conductors built up of small wires ; but in the case of solid bars, 
when sections of copper of J inch diameter are reached, there is, when dealing with 
alternating currents, a slight percentage to be deducted ; over I inch diameter, the 
deduction becomes more important. 

• Electrical Engineering Testings by G. D. A. Parr. 
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Having given the specific resistance of a conductor, we can find the total 
resistance for a given length and area because 

Total resistance in microhms = ^^^^JP centimetres xspeci fie resistance 

area in square centimetres 
I microhm = i^irJ^innF ohm 

I foot = 30*4799 centimetres 

I square inch = 6*45 16 square centimetres. 
Then 

Total resistance in microhms = ^^"^^ ^'"i^^^ x_3o;4799 xspecificj;esistance 

area in square inches x 6*4516 

and total resistance in ohms = length in^feetx 30:4799 x specific resistance 

area in square inches x 6*45 r6 x 1,000,000 
_ length in feet x specific res istance x '000004724 

area in square inches 

The material usually employed for conductors is copper, although under 
certain conditions other metals, such as iron and aluminium, are employed, 
chiefly in overhead or aerial lines. If we consider the following table — 

Specific Resistance Specific Gravity 
Copper .... I '561 8*889 

Aluminium 2*665 2*67 

Iron .... 9*065 7 -So 

— we see that for equal lengths to offer the same resistance to the passage of a 

current thearea of an aluminium cable would have to be ? ^^, or i *7 times 

1-561 



9*065 



area. 



the area of a copper cable, and an iron cable ^—^, or 5*8 times the 

while the aluminium cable would be— '^ ' =0*51 times the weight, 

0*009 

c*8 X 7*8 
and the iron cable ^-^.qq =5*^ times the weight of the copper cable. 

0*009 

The present price of copper cables uninsulated is about 10^. per lb., 
while aluminium rods are is. ^d. per lb. and iron rods id. per lb., so that, 
comparing conductors of the same conductivity, the relative cost is— 
Copper I, aluminium '75, and iron *5. 

The tensile strengths are — 

Hard-drawn copper, about 58,240 lbs. per square inch. 
Hard-drawn aluminium, about 25,000 to 30,000 lbs. per square inch. 
Iron, about 89,600 lbs. per square inch. 

Owing to the great weight of an iron conductor the supporting poles would 
have to be much stronger than for a copper conductor, and owing to the 
liability 10 corrosion it would have to be renewed from time to time. 

Aluminium has been used for overhead lines with satisfactory results. 
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although a difficulty in the early application was the joining up of the 
separate lengths of wire in the line, owing to the electrolytic properties of 
aluminium when in contact with other metals. The difficulties in joining, 
however, have been got over by using an oval aluminium tube, into which 
the two ends are clamped, and by various other satisfactory joints. 

Aluminium will become no doubt a formidable competitor of coppei 
for aerial lines, although it must be borne in mind that for equal 
conductivity the tensile strength of aluminium is only three-quarters of the 
tensile strength of copper. 

If we consider the case of cables covered with insulating material, how- 
ever, the advantages of copper are considerable. Taking the case of three 
wires of equal conductivity, it will be seen that the relative diameters will 
be in the proportion of the square root of their areas, or copper JT^ 

aluminium n/ 17, iron n/ 5*8, or as 1 : i'3 : 2*40, and consequently the 
cost of insulating covering would be prohibitive in the case of iron and 
would render aluminium more expensive than copper at present prices. 

In a concentric cable, however, iron has been utilised as a conductor 
by insulating the copper conductor and surrounding it with an armouring 
of galvanised wire which acts as the return ; but this plan, though it has 
some advantages, is not now in fashion, as insulated copper returns are 
preferred. 

Sizes of Cables. — The wire of which cables are made is drawn in 

certain definite sizes or gauges, the leading cable-makers having adopted 

the standard wire gauge. The sizes of wire used vary from No. o 

S.W.G., which is "324 inch in diameter, down to No. 25 S.W.G., which 

is "02 inch in diameter. These wires are twisted into strands of 7, 19, 

37, 61, or 91 separate wires ; thus, a cable 19/13 has nineteen wires each 

of No. 1 3 S.W.G. 

Standard Wire Gauge. 



J.W.G. 


Diameter 


7/0 


0-500 


6/0 


0-464 


5/0 


0-432 


4/0 


0*400 


3/0 


0-372 


20 


0348 





0-324 


1 


0300 


2 


0276 


3 


0-252 


4 


0-232 


5 


0-212 


6 


0-192 


7 


0-176 


8 


0'i6o 


9 


0-I44 


10 


0*128 



Area 



0-196349 
0-1690931 

0-146574 

0-1256637 

0-108686 

0-095x149 
0-0824479 

0-0706858 

0*0598285 

0-0498759 

0-0422733 

0-0352989 

00289529 

00243285 

0*0201062 

0*0162860 

0-0128680 



W.G. 


Diameter 


Area 

1 


II 


0*1X6 


1 

0-0105683 


12 


O-XO4 


0*0084949 


13 


0-092 


0*0066476 


14 


0-080 


0*0050265 


15 


0*072 


000407x5 


16 


0*064 


' 0*0032x70 


17 


0*056 


0*0024630 


18 


0*048 


0*0018096 


19 


0*040 


0-0012566 


20 


0-036 


00010179 


21 


0-032 


0-0008042 


22 


0-028 


0-0006158 


23 


0*024 


0*0004524 1 


24 


0-022 


0*0003801 1 


25 


0-020 


1 0*0003142 


26 


0-018 


0*0002545 


27 


0-0164 


0'00021I2 

1 
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When the size of the wire happens to be between two of the gauges, 
the diameter in inches is given; thus 6i/'095 means sixty-one wires each 
*o95 in. in diameter. 

Where a large cable is required it is composed of a large number of 
small wires, so as to give it greater flexibility than if a small number of 
large wires were used. 

Insulation of Cables. — The material used for insulating the cable is 
called a di-electric,^ and the best di-electrics are those which offer the 
greatest resistance to the passage of an electric current ; those most com- 
monly employed are pure rubber, vulcanised rubber, vulcanised bitumen, 
ozokerited tape, and paper or some other material impregnated with oil. 
If the latter is used the cables require to be enclosed in a lead casing to 
keep all moisture out, and they then possess very high insulating properties. 
In some cases the copper cable is laid in a pipe full of thick oil. When 
cables are insulated with vulcanised rubber the wires are invariably tinned 
to protect them from the action of the sulphur in the vulcanised rubber. 
Over the tinned wire a layer of pure rubber is often put before the 
vulcanised rubber is added. 

The thickness of the di-electric is increased as the voltage intended to 
be carried is increased. For high voltages the thickness is ^V inch per 
i,ooo volts ; thus, for a cable carrying 10,000 volts there would be a paper 
covering ^ inch thick all round, so that if the diameter of the copper was 
i inch the total diameter over the paper woiild be i^ inch, and the lead 
pipe, say, I inch or ^ inch thick, makes the total thickness outside the lead 
pipe 1 J inch to i J inch. But for low tensions the thickness of the di- 
electric is greater in proportion ; thus, with a cable made of nineteen wires 
No. 12 gauge for a pressure up to 500 volts the thickness of vulcanised-rubber 
insulation would be Vxy inch, and the thickness for 2,000 volts would be very 
little more. For large cables a thicker di-electric is used than for small 
cables; thus, for a cable 37/12 the thickness of di-electric for 500 volts 
is '12 inch, and for 2,000 volts '14 inch. For a cable 7/23 at 500 volts 
the thickness of vulcanised-rubber insulation is '05, and at 2,000 volts -i. 
For large cables it is now a common practice to use a paper-covered 
cable in a lead pipe for the main conductor, while for branch conductors, in 
a mine, it is common to use vulcanised-rubber insulation. Vulcanised 
bitumen insulation is said to be much better able to stand pit water than 
rubber or lead, and in wet pits it is probably the best material to use. 

Having decided how to insulate the cable, the next consideration is 
how to protect the insulation. In the case of india-rubber insulation, this 
is generally protected by a wrapping of tape soaked in some waterproofing 

' The term * di-electric * is, strictly speaking, used to denote the insulation separating 
the consecutive plates of an electric condenser, but it is a term popularly used in speaking 
of the insulation of any cable. 
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composition, and this tape is again protected by a covering of jute fibre, 
called braid, also soaked in waterproofing composition. The cable may 
now be safely handled, and if placed in a position where it will be free 
from all rough treatment and from falling water, if not over-worked it 
should last for a great many years. In answer to inquiries, the makers 
of india-rubber-insulated cables state that they have had them in work 
ten years at places where they are still in perfectly good order. But 
if the cable may be subjected to rough usage, then it is common to protect 
it with an iron or steel covering. This may be in the shape of a steel 
tape wrapped round, the steel being coated with some waterproofing 
material, and afterwards wrapped with jute braiding soaked in tar. In 
place of steel tape a covering of galvanised wire may be used, and 
this is said to be stronger in resisting a blow from a pickaxe than the 
tape. In some cases the cable is wrapped with a locked coil wire, which 
makes a very complete armour. For protection against water, india- 
rubber-covered cables are often covered with lead pipe. Armoured cables 
should never be used in a roadway where they are liable to be touched, 
unless the armouring is efficiently connected to earth. This in a dry pit 
is a very difficult thing to do without burying the cables, so that a good 
rule is never to hang armoured cables along the roads of a dry pit : for if 
a leakage occurs at any point in the cable between the copper and the 
armour, the whole armouring at once assumes the potential of the conductor, 
unless the leakage current is led away to earth ; this might cause serious 
accident not only by shock to anyone touching the armouring, but also 
possibly by fire if the armour is touching a prop or inflammable material. 
The jute covering cannot be relied upon as a protection, as a good deal of 
it will probably be rubbed off by the time the cables have been got into 
position. 

Where armouring is used and well earthed it has this effect, that a fault 
in the insulation at once shows itself on the earth detector, and can be 
remedied ; on the other hand, damage to the insulation of the unarmoured 
cable, at a point where it is not in contact with anything, is not such a 
serious matter as with an armoured cable, and does not interfere with the 
working of the circuit. Another objection to armoured cables underground 
is that a fall of roof which might not seriously damage an unarmoured 
cable may develop a fault in an armoured one by squeezing the armouring 
on to or near to the conductor. 

It is doubtful whether armouring is so great a mechanical protection 
against blows as is generally supposed, but it is valuable in resisting 
abrasion as in a trailing cable, and in increasing tensional strength for 
hanging a cable in a shaft. 

The paper-covered cables, which are always in a lead pipe (the thick- 
ness of which, for a cable 3 inches in diameter, is "185 inch), are often 
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covered outside the lead with a braiding of jute and tar, and then with 
an armouring of iron tape or wire. 

The cables are of the following construction : 

1. Single cable insulated and protected as above described. 

2. Twin cables insulated as above, then placed side by side and covered 
with protecting braiding, tape, lead pipe, armour, &c. 

3. Three cables, either round or of flattened section (see fig. 97), each 
separately insulated, and then bound together and protected as above. 

4. Four cables, either round or of flattened section, each separately 
insulated, and then bound together and protected as above. 

5. A concentric cable with internal copper conductor, then insulating 
material, then copper wire laid in a ring of equal sectional area to the 
conductor, then insulating material, and protecting covering as above 
described (see fig. 98). 




Three-core Armoured Cable. . 
1. Sleel wire. 2. Jnte. 3. Lead. 4. Insulaliun, 5. Triai^lar copper slrard. 

6. Internal copper cable, then insulation, then a ring of copper wires, 
then insulation, then a second ring of copper wires, then insulation, and 
protective covering as before. 

In this way three conductors are obtained concentrically. Conductors 
of this kind have been made with the central cable equal to i square inch 
in section, made up of ninety-one wires each 118 inch diameter, the two 
surrounding rings of copper being also of the same sectional area, and the 
total diameter outside the lead pipe being 3^ inches. For use in mines 
each of the above varieties would sometimes be found applicable. 

When three conductors are bound together in one cable either side by 
side or concentrically, il is not necessary that each conductor should be 
equal in section to the others ; if the three-wire system is adopted, one might 
be half the size. Sometimes a small conductor is laid in the space between 
two of the larger conductors. 
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The limit to the length of cable made in one piece is the size and 
weight of the drum covered with cable that can be conveniently handled. 

The lead covering alxn'e referred to is made a tight fit to the cable in 
the following way ; The cable to he covered is drawn through a nozzle which 
fits it ; over this nozzle, and surrounding it, is another one of larger size, 
the space between being equal to the intended thickness of lead ; into this 
annular nozzle, lead in a soft, haif-melted state is forced by hydraulic 
pressure, the temperature not being sufficiently high to damage the insulat- 
ing material of the cable. The cable before leaving the works is tested to 
see that the insulation is perfect at the required voltage. 




1 THE British Insuu 



2. InBulation, J. Copper strips. 4. Insulation. 5. Lead. 
6. Jute. 7- Steel wire. 



Rules for Size of Cable for a Given Current. — By Ohm's Law 
C = _ where C is the current in amperes, E is the E.M.F. in volts, and 

R is the resistance in ohms ; from which we get E = CR, or the volts 

expended in sending a current of C amperes through a conductor of R 

ohms' resistance are equal to the product of the current and the resistance. 

The power as measured in watts = E x C, and the horse-power is 

shown by the rule : h.p. =— - . Substituting the value of E, as found 

above, we get 

watts = C R X C = CR 

. , C R X C C»R 

and h.p. =■ = 

746 746 
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Thus the horse-power lost in the cable varies directly as the square of the 
current^ and directly as the resistance. 

This horse-power is, of course, represented by a rise in temperature of 
the cable, which fact governs the maximum loss allowable. 

With the current density at i,ooo amperes per square inch, the loss 
in voltage is approximately 2\ volts per loo yards. With a current of 800 
amperes per square inch the drop is 2 volts per 100 yards. The question 
of size of cable required is also dealt with in Chapter VIII. 

The diagram on the previous pages (fig. 99) is copied from one lent to the 
authors by Messrs. W. T. Glover & Co., electric-cable makers, and has been 
.prepared by Mr. A. H. Howard. It is very interesting, because it sho«s at 
a glance the current in amperes that can be carried by a conductor of 
any given size between toVtt square inch in sectional area and i square 
inch in sectional area, at varying fall of potential per 100 yards from 
iV volt up to 6 volts, and it gives the rise of temperature in degrees 
Fahrenheit for a drop of voltage per 100 yards varying from i volt up to 
6 volts. 

The diagram shows graphically dimensions and fall of potential and 
approximate rise of temperature of any wire with any current. 

Directions for Using. 

The horizontal lines represent areas or sizes of wires, as shown in the 
vertical columns. 

The vertical lines represent current in amperes, as numbered at the top 
and bottom. 

The black diagonal lines represent fall of potential per 100 yards of 
single cable. 

The dotted black curves represent approximate rise of temperature of 
insulated wires in wooden casing, as ascertained by experiments in the 
Edison Laboratory. 

If any two of \h$ above quantities are given, the other two are found 
at a glance by the lines passing through the point of intersection of the 
two lines representing the known data. 

Example, — To run a current of 60 amperes, with a fall of potential of 
2 volts per 1 00 yards. Required, size of cable and rise of temperature. 

The vertical line 60 intersects the diagonal for 2 volts per 100 yards 
at a point on the horizontal line opposite '074 in the area column. The 
cable nearest in area (see following table) to this is a 7/1 1. The dotted 
curve for 10° F. is just above the point; consequently, the rise in tempera- 
ture is about 11° F. 

The following table, extracted from the list of the above-named 
makers, gives the sizes of copper wires and cables according to the 
standard gauge : 
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Details of Conductors. 
Showing Dimensions^ Capacity, Kesistance, and IVeicht. 













StandartI 






Size 


Diameter 


Area 
Square Square 


Resistance at 
60° F. 

Ohms per 


Standard Weight 
Pounds per Pounds 


s w 


T tioK^c 


Milli. 


• 3« WW • VJ» 

1 

I 


tnciica 


mitres 
07112 


Inches 
'OOO6158 


Millimetres 


x.ooo Vard4 
39^05 


1,000 Yard> 
7*120 


per Mile 


22 


•028 


•3973 


12-53 


i 21 


•032 


0*8128 


•0008042 


•5188 


29*90 


9*301 


16-37 


20 


•036 


0-9144 


-ooioiS 


•6567 


23*62 


11*77 


20-72 


1 '9 


*040 


I -016 


-001257 


•8109 


19-13 


14-53 


25-58 


1 18 


•048 


1*219 


-ooiSio 


I -168 


13*28 


20*93 


3683 


17 


•056 


1*422 


-002463 


1*589 


9*762 


28*48 


50*12 


16 


•064 


1-626 


•003217 


2075 


7-478 


37-20 


65-47 


15 


•072 


I 829 


•004072 


2*627 


5-904 - 


47*09 


82*87 


14 


•080 


2*032 


•005027 


3243 


4*784 


^^11 


102*3 


13 


•092 


2-337 


•006648 


4289 


3-617 


76*88 


135-3 


12 


•104 


2*642 


•008495 


5^480 


2*831 


9824 


172*9 


II 


•116 


2*946 


•01057 


6*819 


2275 


122*2 


215*1 


10 


•128 


3-251 


•01287 


8-303 


1*868 


1 148*8 


261*9 


9 


•144 


3-658 


•01629 


10-51 


1-476 


188*4 


331-5 


8 


•160 


4*064 


•020 II 


12*97 


I-I95 


232*5 


4092 


7 


•176 


4-470 


•02433 


15*70 


•9881 


281-3 


495*1 


6 


•192 


4-877 


•02895 


18 -68 


•8307 


334-7 


589-1 


5 


•212 


5385 


•03530 


22*77 


•6813 


408*2 


718-4 


4 


•232 


5-893 


•04227 


2727 


•5688 


488-8 


8602 


3 


•252 


6*401 


•04988 


3218 


•4821 


5767 


1015*0 


2 


•276 


7*010 


•05083 


38-60 


4019 


692*0 


218*0 


I 


•300 


7*620 


-07069 


45-60 


-3402 


817-6 


14390 


I/O 


•324 


8-230 


-08245 


53-19 


*29i7 


953-4 


1678*0 


2/0 


•348 


8-839 


•095 1 1 


61*36 


-2528 


1099*0 


1935-0 


3/0 


•372 


9*449 


•1087 


70-13 


*2212 


1257*0 


' 2212*0 


4/0 


'400 


io*i5 


•1257 


81*09 


-I913 


14530 


2558*0 


1 5/0 


•432 


IO-97 


•1466 


94-58 


*i640 


' 1695*0 


2983-0 


6/0 


•464 


11*79 


-I69I 


109*1 


•1422 


19550 


3441-0 


' 7/0 


•500 


12-70 


•1963 


126*6 


*1225 


2270*0 


3995 -o 



Details of Conductors, 
Showing Dimensions, Capacity, Resistance, and Weight, 



Size 



S.W.G. 

3/25 
3/24 
3/23 
3/22 

3/21 
3/20 

3/19 

3/18 

7/25 
7/24 



Diameter of each Wire 



In Inches 



EflTective Area — viz. Area of 
Solid Wire having sauie 
Conductivity 



In Milli. 
mitres 



Square Inches 



Square Milli- 
metres 



Sundard 

Resistance at 

eo'^F. 



Per 



x,ooo 
Yards 



•020 


•5080 


-00093 I I 


-6007 


25*82 


-022 


•5588 


•001 127 


•7271 


21-33 


•024 


•6096 


-001:41 


•8651 


17-94 


•028 


•7112 


-001 J 25 


1*177 


13-18 


-032 


*8i28 


-002384 


1*538 


10-09 


•036 


•9144 


•003016 


1*946 


7-972 


•040 


*ioi6 


-003725 


2-403 


6-455 


-048 


*I2I9 


•005364 


3*461 


4-482 


-020 


-5080 


-002177 


I -404 


11-05 


•022 


•5588 


1 -002633 


1*699 


9-131 



Standard 
Weight 
per Mile , 



Lbs. 



19-42 

23-49 
27*96 

38-05 

49-71 
62*92 

77*68 
III-8 

4523 
5471 
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Details of Conductors — continued. 







■ 


Effective Area- 


-viz. Area of 


Standard 


Standard 


Size 


Diameter of each Wire 


Solid Wire haying same 


Resistance at 


Weight 
per Mile 

Lbs. 








Conductivity 

It. Square Mill!- 
Square Inches ^ ^^^^ 

•003135 2*023 


60° F. 

Per i.cxio 
1 Yards 


S.W.G. 


In Inches 


In Milli- 
metres 


7/23 


-024 


•6096 


' 7-670 


' 6512 


7/22 


•028 


•7112 


-004266 


2*752 


5636 


88*63 


7/2 1§ 


•030 


•7620 


-004896 


3-159 


4-910 


101 -8 


7/21 


•032 


•8128 


•005571 


3-594 


, 4-316 


115^8 


7/20J 


•033 


•8382 


•005925 


1 3*822 


4-059 


123*2 


7/20 


•036 


•9144 


•007052 


' 4-550 


3*410 


146*6 


7/19 


•040 


I -016 


•008708 


5-618 


2*761 


i8o*9 


7/18 


•04& 


I'2I9 


*oi254 


8*090 


1-918 


260*5 


7/17 


•056 


1*422 


•01706 


11*01 


1*410 


354-5 


7/16 


•064 


1*626 


•02227 


14-37 


i*o8o 


463-1 


7/15 


•072 


I 829 


*02822 


18^21 


•8523 


586*2 


7/H 


•080 


2-032 


•03483 


22^47 


•6903 


7236 


7/13 


•092 


2-337 


•04605 


29*71 


•5222 


957-1 


7/12 


*104 


2*642 


•05884 


37-96 


•4086 


1223*0 


7/1 1 


•116 


2*946 1 


•07322 


47-24 


•3284 


1522*0 


7/10 


•128 


3*251 


•08917 


57-53 


•2697 


1853*0 


7/9 


•144 


3-658 


•1129 


72*84 


-2131 


2345*0 


7/8 


•160 


4*064 


-1393 


89*97 


•1726 


2894-0 


7/6 


'192 


4-877 


•2006 


129*4 


•1199 


4167^0 


19/22 


•028 


•7112 


•01157 


7-464 


2^079 


240^8 


19/21 


•032 


*8i28 


•01510 


9*742 


1-592 


314-6 


19/20 


•036 


•9144 


•01912 


12*34 


1-257 


3983 ' 


19/19 


'040 


I '016 


•02360 


15-23 


1*019 


491-7 


19/18 


•048 


1*219 


•03399 


21*93 


-7074 


707-9 


19/17 


•056 


1*422 


•04627 


29*85 


•5197 


963-3 1 


19/16 


•064 


1*626 


•06039 


38*96 


3981 


1258*0 1 


19/15 


•072 


1829 


•07650 


49-35 


•3143 


1593-0 , 


19/14 


'080 


2*032 


•09442 


60*91 


-2547 


.1966-0 


19/13 


•092 


2-337 


•1249 


80*58 


*i926 


2601*0 


19/12 


•104 


2*642 


-»595 


102^9 


-1507 


3323-0 


19/11 


•116 


2*946 


•1985 


128^1 


-1211 


4134-0 


19/10 


•128 


3-251 


•2417 


155-9 


•09949 


5034-0 ' 


37/20 


•036 


9144 


•03722 


24-01 


'6460 


775-8 


37/19 


-040 


1*016 


•04596 


29*65 


-5232 


957-9 


37/18 


•048 


1*219 


*o66i9 


42*70 


-3633 . 


1379-0 


37/17 


•056 


1*422 


•09006 


58*10 


2670 


1877*0 


37/16 


•064 


1*626 


1176 


75-87 


•2045 


2451*0 


37/15 


•072 


1*829 


-1489 


96*06 


•1615 


31030 


37/14 


•080 


2*032 


•1838 


118*6 ; 


•1309 


3830*0 


37/13 


•092 


2-337 


•2431 


156-8 I 


•0Q892 


5066-0 ' 


37/12 


•IC4 


2*642 


•3105 


200*3 


•07744 


6474-0 ' 

1 


61/18 


•048 


1219 


•1091 


70*38 


*2204 


2274*0 1 


61/17 


•056 


1*422 


•1485 


95-80 


•1619 


3094-0 


, 61/16 


•064 


1*626 


•1939 


125*1 ' 


•1240 


4042*0 


61/15 


•072 


1*829 


•2455 


158*4 , 


•09795 


5116*0 


61/14 


•080 


2*032 


•3029 


195-4 


•07937 


6316*0 


61/13 


•092 


2-337 


*4008 


258*6 


•06000 


8353-0 ' 


61/12 


•104 


2*642 


•5120 


330-3 


•04697 


10674-0 . 


91/14 


•080 


2*032 


•4519 


291*5 


•05320 


9442*0 


9'/i3 


•092 


2-337 


-5977 


385-6 


•04023 


12462-0 


91/12 


•104 


2 '642 


•7638 


492*8 


•03148 


159250 


91/11 


•116 


2*946 


-9504 


613*1 


•02530 


1981 1 -0 
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Erection of Cables &c. on Surface.— The cables on the sur- 
face may be carried on wood or iron poles, with cross bearers at the top, 
to which msulators are attached. As there is not the same danger of 



Fig. ioo. 




Cable Suspender. 



persons coming in contact with them as when in the confined passages of 
a mine, and also not the same liability to damage, the insulation on these 
overhead cables need not be so heavy (or they may be bare), provided 



Fig. ioi. 




QWeUMtt UHt . 



Pole to Carry Aerial Line. 



that the points where they are supported are efficiently insulated so as to 
prevent the current getting to * earth.' 

The distance apart of the supporting poles depends on the weight of 
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the cable, but by the use of a steel wire strained between the poles to 
hang the cable to, the distance between the poles inay be increased. The 




cable suspenders may be made of leather, porcelain, &c. ; one form is 
shown in fig. loo.' 

For mining purposes in countries where there is no liability to the 



Doui 




attacks of destructive insects, &c, wood poles form the best support to the 
cable ; these should be creosoted or otherwise treated so as to preserve 
them. 

I Fawcus and Cowan's Patenl. 
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The method of fixing a pole is shown in fig. loi. The stay rods shown 
are required in exposed situations ; they are not always used. 

The cable, if carried on the top of the pole, is held in a bracket as 
shown in fig. 102, and the top of the pole is covered with a zinc roof. 

The insulators may be of brown ware or porcelain ; the latter has the 
higher insulation resistance. 

The resistance of porcelain is so high that a leakage of current cannot 
take place through it, but takes place over the surface when the latter is 
wet or dirty. For this reason the type of insulator employed varies with 
the tension or voltage employed. 

Fig. 103 illustrates a single-shed insulator for low-tension lines. 

Fig. 104 illustrates a double-shed insulator, in which it will be seen that 
there is a much greater surface over which the electricity must leak, and, as 
this extra surface is also kept dry, it offers a greater resistance on that 
account. 

Fig. 105 shows a triple-shed insulator, and fig. 106 shows a fluid or oil 
insulator, in which oil is placed in an annular groove to intercept the 
leakage of electricity over the surface. 

Where it is not possible or desirable to carry the cable on poles, it may be 
laid down in a trough or pipe (see Callender's system, page 150). 

Distribution of Electric Current in Shafts and Workings. - 

The most common method of carrying electric current down a shaft is no 
doubt to enclose both cables side by side in a hard-wood casing, and in 
many instances this is found perfectly satisfactory. This casing need not 
be continuous, but may take the form of wooden clamps as shown in 
fig. 107. The wood should not be creosoted, as the creosote acts detri- 
mentally on the cables. 

Where the shaft is inclined to be wet, however, this method is open to 
serious objection owing to the insulation becoming defective, and a leakage 
of current over the damp wood is likely to cause a fire. 

At the Ackton Hall Colliery the cables are suspended from the top of 
the pit without any intermediate support. * 

A patent oil insulator is used, which consists (fig. 108) of an annular 
cast-iron vessel with a lug on each side, by means of which it can be 
suspended. At the bottom of the annular space is a thick ring of india- 
rubber, on which rests the support that carries the weight of the cable. 
The remainder of the space is filled with creosote oil, and the cable is 
held by an ordinary wrought-iron rope clamp. 

The cables suspended in this way have been found satisfactory. 

Owing to there being only one point of contact with the shaft, and that 
a very efficient insulator, there is no need for the cable to he heavily 

* • Electricity at Ackton Hall Colliery,' by H. St. John Dumford and Roslyn Holiday ; 
Transactions Institution of Mining Efi^neers^ xiii. 232. 

L 
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insulated, a light coverit^ only being necessary, sufficient to prevent a 
person getting a shock by accidentally touching the cable. It is now 
provided, however, in the Special Rules (see Appendix), Section III. 
Rule 28, that all cables in shafts niust be highly insulated. 






Shaft W,0 



Fic. 108. 




Side 

Carrying Cablb down Shaft 
IN Wood Casing. 




Holiday's Oil Insulator. 



The cost of putting in one of these cables is given by the authors of 
the paper as follows : 

One thousand one hundred yards 19/16 1,000 megohms cable, ^^73 6s.; 
two oil insulators, lu. ; four workmen, each half a day, ioi.6d.; one 
engineman half a day, jj. 4^. ; total, ^£74 i is. 

Fig. loy. 



Wood Casino, 



The only strain on the cable 
armouring of galvanised iron wii 
of safety. The following tests 



ts own weight, and at a great depth 

employed, which increases the factor 

the strength of copper cables have been 



made for the authors by Mr. G. F. Charnock, head of the Engineering 
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Department of the Technical Collie, Bradford, on samples kindly sup- 
plied by the St Helen's Cable Company, Warrington : 

Tbnsile Tests of Samples of Copper Cable. 

Each cable 3 feet long, prepared with conical ends of soft metal alloy and held in 
conical dies. The area of a 61/1 10 cable is about 0*58 square inch. 



S'« 1^1^ 



Lbs. 



Description 



Breaking 
StrengtE 



Remarks 



61/110 12,000 (^''^bk'!^ ^" !''^^[} 

i 

A* f ,,^ «.-•*»« i i Soft-drawn armoured with 1 
61/110, 27,100 N g^vanised wire . .} 



8-04 
1878 



( Broke close to bottom die, 
equivalent to 13*8 tons 
j ( per sq. in. 

Broke clear of die. 



It was found that hard-drawn copper cables could not be tested in this 
way, as the casting on of the conical end seemed to exercise an annealing 
effect on the hard-drawn wire. Several hard-drawn wires, however, from 
a 61 /no cable, were tested separately, and the average breaking-strength 
was found to be 500 lbs., which is equivalent to a strength for hard-drawn 
copper of 23*5 tons per square inch. 

The tensile strength of soft copper varies greatly, 14 tons ' per square 
inch being the usual figure for soft copper and 32 tons per square inch for 
hard-drawn copper. The elongation of soft wire is often 25 per cent., so 
that it is not employed where there is liability to great strain, the hard wire 
being then employed, which has an elongation of 2 or 3 per cent. Hard- 
drawn wire is not so flexible or easily handled as soft-drawn wire, and if 
insulated it is apt to injure the insulation if it gets kinked. Where very 
great strength is required in a conductor, therefore, an additional medium 
should be supplied, such as an iron or steel armouring. 

In the case of a deep dry shaft, where it is proposed to enclose the 
cables in wood casing, it is advisable to take the weight off the cable as 
far as possible, and this can be easily done by making the groove in a 
gentle curve at intervals (see fig. 109). 

Another plan, employed at the Middleton Colliery, near Leeds, is to 
fasten clams on to the cable ; the clams rest on pole insulators supported 
by two bearers, as shown in fig. no. In a shaft 160 3rards deep there are one 
set of these at the top and two at intermediate places in the shaft, and at 
the bottom the cables are secured to shackle insulators, there being no 
weight to carry at this point. The cables are not armoured, but have the 
usual insulation. 

At the St. John's Colliery (Normanton) ^ the cables in the shafts are 

* These figures are supplied by the India-rubber, Gutta-percha, and Telegraph Works 
Company, Limited. 

' * Electricity at Ackton Hall Colliery ; ' discussion by Mr. E, Brown. 
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lead covered, and originally hung in the shaft without other covering, but 
pieces of coal falling from the tubs punctured the lead and great leakage 
ensued, and the cables are now enclosed in wooden boxes nailed to the 




MiDDLSTON Colliery. 



stays. At intervals of about rjo feet a piece is scooped out of the box 
about the size of a hen's egg, and at that point a swelling is worked on 




the cable by tape and varnish, and thus the cables are supported and the 
arrangement works satisfactorily. 

Another method of supporting the cable in a shaft is to tie it to 
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insulators spaced, say, 10 yards apart in the shaft, the loop of the cable 
being taken round a large insulator at the top of the shaft 

Another method is to enclose the cables in iron pi|>es and run in 
melted pitch to completely fill up the space. Where the cables are run in 
pipes they may be supported by a clamp contained in a box, as shown 
in fig. III. This method, however, is not to be recommended, as it is 
inconvenient in case of repairs being necessary. 

Canying Cables in the Workings.— The most usual plan of 
carrying the cables in the mine is to have one on each side of the road and 
hang them loosely between the insulators. By this means any fall of the 
roof catching the cable would pull up the slack in the cable without 
causing a fracture. 

Fig. 112 shows three forms of insulator very commonly used, the cable 
being secured to the insulator by a piece of yarn. 

Fig. 112. 






Various Typbs of Insulators. 

Mr. Robert Hay, of Stanton Colliery, Burton-on-Trent, has designed 
and patented the pot insulator shown in fig. 113. This is a useful form, and 
the cable is very expeditiously laid along the road. 

Fig. 1 14 shows a method of supporting a cable by a piece of galvanised 
wire hung on to a nail. The cable in this case is a concentric one with 
a bare return, so that insulators would not be needed. 

In many cases insulators are dispensed with and the cables are fastened 
to the props by leather strips fastened round them and nailed, or by tarband 
fastened to a nail ; these are very expeditious ways of fixing a cable. Another 
plan is to screw small wooden cleats like those in fig. 107 on to the props. 

In main roads the cables are sometimes buried where there is no 
danger of the insulation being corroded. Mr. Maurice Deacon ^ carries 
out this principle by placing three-phase cables in a puddled-clay trench in 
the middle of the road on an engine plane in a steep place. The cables 
employed are well armoured and waterproofed. 



* Trans. Fed, Inst. Af.E. xxii. 264 etse^. 
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The importance of covering up the cables in a road which is being 
repaired should also be realised. 

In main toads which have been driven some time, and in which all 
movement of the strata has subsided, the cables may be laid in a more 
permanent manner on Callender's system (see figs. 1 1 5 and 1 16), 

Fic. 113. Fig. 114. 








Hav's Patrnt Insulator. 



Earthenware, wood, or metal troughing is used in which to lay the cable, 
which is supported at intervals on bitumenised wood bridges, and the 
trough is then run in solid with bitumen. The cables used in connection 
with this system are insulated with vulcanised bitumen sheathing, and the 

Fig. 115. 




Cast Ir 



Callbndek's System of Laving Cablbs in Cast-iron Trough. 

only conductor of electricity in the cable is its copper core. The makers 
claim that it is impossible for leakage currenU or stray earth return currents 
o get to the sheathing, as is the case with a lead-covered cable. 

The bitumen has, of course, to be melted, and this forms a possible 



callender's system 

drawback to the use of this system in tbe roads of a mine, although there 
will no doubt be many mines where the system could be used. 




Callender's System of Laving Cables in Earthenware Trough. 



It is convenient in a long length of cable to have it divided up into 
sections, as by this means tbe testing of the cable is greatly expedited 




At each of these sections the cables would be enclosed in a gas-tight junc- 
tion box securely fastened. A cut-out might also he placed in the box. 
Figs. 117 and 118 show a three-way junction and fuse box made by 
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Messrs. John Davis & Son, Derby ; it will be seen that the cables are con- 
centric, with galvanised outer conductor, and that the outer conductors are 
connected to the iron box, but the inner copper conductors are insulated 

Fig. 1x8. 




Thrbe-way Cast-iron Junction and Fuse Box, with Cover Removed. 



Fig. 119. 
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Cable Entering Switch Box. 

from it. A good method of making a gas-tight entrance for a cable into 
a junction or switch box is shown in fig. 119.* 

' * Electric Haulage at Manvers Main Colliery,* by A. T. Thompson ; Transactions 
Institutum of Mining Engineers^ xx. 29. 
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CHAPTER VIII 

CENTRAL ELECTRICAL PLANTS 

Central Electrical Plants for Winding, Ventilating, Pumping, Hauling, Coal-cutting, 
Workshops, Screens, &c. — Comparison of High and Low Voltage as affecting Cost 
of Cables — Three-wire System — Estimates of Cost 

During the last few years Acts of Parliament and Orders in Council 
have been obtained, authorising large central electric power stations, 
intended to distribute electric power over whole counties, such as the 
Derbyshire and Nottinghamshire Electric Power Act, 1901 ; the Yorkshire 
Electric Power Act, 1901 ; the Lancashire Electric Power Act, 1900; 
the South Wales Electric Power Act, 1900 ; the South Staffordshire 
Mond Gas Act, 1901, and the Cornish Electric Power Act, 1902. It is 
intended under these Acts to put up central electric stations, each 
containing, say, from 5,000 up to 50,000 h.p. When these come into 
work the power obtained from these stations may be used by mining 
engineers, and so save them from the necessity of erecting their own 
electric generating stations. But in the meantime, engineers are erecting 
central generating stations at mines, intended to supply the power 
required for most of the machines at one mine. At a colliery there are 
often thirty or forty small steam-engines, nearly all of them of wasteful 
construction and wastefully used, and the intention is to supersede these 
small steam-engines by electric motors, the electricity being generated by 
either steam- or gas-engines which use fuel in the most economical 
way. In order to understand how such electric transmission can be 
economical, the great difference in the steam consumption per I. H.P. in 
various classes of engine must be considered. With steam at 180 lbs. 
pressure per square inch with triple-expansion condensing reciprocating 
engines, 12 lbs. of steam will generate i I. H.P. for an hour. A small 
steam-engine, as commonly used at a colliery, with a long length of 
steam-pipe from the boilers, will probably use at least ten times as 
much steam per I.H.P., or 120 lbs., and this quantity is probably greatly 
exceeded in many cases. The average at a colliery of all the engines, 
big and little, is probably, where more than average attention is given to 
steam economy, about 80 lbs. of steam per I. H.P. There is here a great 
margin for economy. Assuming that the combined efficiency of the 
generating steam-engine and dynamo is only 70 per cent, and that of the 
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motor is 80 per cent, (these low efficiencies being taken to allow for 
working at small fractions of the full power on the one hand, and at 
excessive powers on the other hand, and also for loss when running 
without load), and the loss in the conductor is 5 p>er cent, we have the 

following result : '-^ x ^ = -^ : and deducting 5 per cent of 70, or 

100 100 100 

3'5» we get 52*5 per cent, of the engine-power delivered on to the 

machine. It will, however, be advisable to make further allowance for 

loss on small conductors and contingencies equal to, say, 5 per cent of 

the engine-power, thus reducing the net efficiency to 50 per cent The 

amount of steam, therefore, required per h.p. on the machine will be as 

50 : 100 :: 12 : 24. It would not, however, be wise to assume that the 

engine of the electric generating plant would always work at the very high 

efficiency of 12 lbs. of steam per I. H.P. ; but we might safely assume that 

the consumption would not exceed 20 lbs. per I.H.P., and at that rate the 

cost of steam power on the machine in pounds of steam per I. H.P. hour 

would be as 50 : 100 :: 20 : 40. By this means the fuel consumption 

should be brought down to, say, half or one-third of what it is with 

ordinary steam-engines and long-distance steam transmission. 

The question, however, that next arises is the extent to which electric 
motors are applicable in the case of large engines, such as winding, 
pumping, and hauling engines. We may say as a general rule that the 
electric motor is applicable to all small engines, and to large engines which 
run continuously, such as fan engines and pumping engines ; but when we 
come to hauling and winding, the advantage or otherwise of electrical 
driving requires special consideration in each case. If the haulage is done 
by endless rope or chain, it is practically continuously working for eight or 
ten hours a day at a uniform speed, and then the electric motor would be 
eminently suitable. If the haulage is at high speeds, and continually 
starting and stopping, the advantage of the electric motor is less apparent, 
but still in most cases it might be used with economy. 

The large colliery winding-engine stands by itself, and as a general rule 
it may be said that it has not as yet been proved to be advantageous to 
substitute an electric motor for the steam-engine. 

These engines work up to 1,000 and even 1,500 h.p., but this high 
power is only continued for a few seconds. The cycle of work in a 
winding engine is as follows : It is started, gradually increases in speed, 
reaches its highest power, has its speed gradually reduced, and is brought 
to rest within one minute, and if it were driven from a central electric 
station the generators at that station would have to be equal to this 
sudden strain and equally sudden stoppage ; ^ and it would probably 
pay the mining engineer better to endeavour to make the steam winding- 

* The recently introduced Siemens-Ilgner system overcomes this difficulty (see p. 270). 
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engine economical than to substitute an electric motor for it. In the case 
of small winding-plants the matter is different. A central station which 
would not be equal to supplying 1,000 h.p. at five seconds' notice might 
easily supply an extra 50 or 100 h.p. for a few seconds. It is possible 
that some day continuously working lifts may be substituted for the ordi- 
nary colliery winding-engine, and for such lifts electric transmission is 
eminently suitable. In the meantime electrical winding is done in cases 
where there is a central electric station of sufficient power, and a winding- 
plant has been constructed with an electric motor of 1,500 h.p., but this at 
present is an unusual size. 

The mine manager must always bear in mind that his electrical trans- 
mission must be justified by one of two reasons, if not by both. One is 
economy of steam power, the other is convenience or safety. For 
underground work, convenience is often of itself a sufficient reason ; for 
surface work convenience is not often a sufficient reason for adopting 
electrical transmission on a large scale. It is therefore necessary that 
economy should be proved. For this purpose, a trial estimate must be 
made of the capital outlay in each case, and then of the working costs. 
The following is an approximate estimate' of the cost of a high-class 
electric generating station of 2,000 h.p. Steam pressure in boilers, 180 lbs. ; 
boilers provided with super-heaters ; three compound condensing-engines, 
each of 1,000 I.H.P., providing for one engine to be stationary, ready 
for use in case of accident to either of the other two ; on each engine 
is a three-phase generator delivering current at 550 volts. The engine- 
house contains a switchboard where the various electrical currents are 
collected and distributed. 

Boilers and fittings, super-heaters, steam-pipes, dampers, and feed- J[^ 
pumps erected complete, say, ten boilers, eight to be at 
work at one time, at £^^00 9,000 

Boiler-seating, flues, chimney, roof, and drains, at ;;^35o a boiler 3,500 

Three steam-engines, each of 1,000 I.H.P., with condensers, 
air-pumps, circulating pumps, and all necessary pipes and 
lubricating arrangements erected complete in full working 
order, at J[^\ \os, per h.p. ...... i3i5oo 

Three generators, each of 900 E.H.P., erected complete at 

£^2 loj. per E.H.P. ....... 6,750 

Electric conductors, switches, switchboard, and all electrical 

appliances required for generating station .... 2,000 

Engine-house, engine foundations, and all buildings required . 3,000 

Cooling pond _ 2,000 

-^39.750 
Or, in round figures, ;^2o per I.H.P. actually at work. 

* The cost of land is not included. 
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This electric plant is to supersede a steam-distribution plant, and we 
will assume for the sake of argument that the cost of the steam pipes and 
steam motors will be about equal to the cost of the electric-distribution 
conductors and the electric motors. Assuming that the economy of steam 
by means of the electric distribution is 50 per cent, we shall require for 
the steam-distribution plant the following outlay for boilers : 

Twenty boilers at ;^9oo 18,000 

Seating, chimney, and roofing for 20 boilers, at ;^35o . 7,000 

Total ;f 25,000 

Deducting this from the outlay on the electric plant, we have an additional 
outlay for the latter of ;^i4,75o. 

Working Costs. — i. Electric Plant. — ^Assuming a consumption of 
steam of 20 lbs. per I.H.P. on an average of 1,500 h.p. for 10 hours a day, 
and of 800 h.p. for 14 hours a day, or a total steam consumption per diem 
of 524,000 lbs.; assuming also that 3 lbs. of fuel will produce 20 lbs. of 
steam, we have a daily fuel consumption of 35 tons. At a colliery this fuel 
may be valued at about ^r. per ton on an average ; at any other mine the 
price will be increased by the cost of conveyance from the colliery. We 
have, therefore : 

£ s. d, 

Fuel, 35 tons at 4J 700 

Stokers' wages, about 1$. per ton of fuel . . i 15 o 
Engine-men, cleaners, and electrician, 40^. a day .300 
Oil and sundries, say 100 

Total jQii 15 o 

The cost for the above work of 26,200 I.H.P. hours would be about ^d, 
per I.H.P. hour. The repairs and renewals to maintain the plant in 
perpetuity should not exceed to per cent, on the whole cost, or, say, 
;^3,975 a year = ^d. per I.H.P. hour (allowing 300 days in the year), or 
a total cost of '22$d, per I.H.P. hour. 

2. Boiler Plant, — The boiler plant will use twice as much fuel, or, say. 

Fuel, 70 tons at 4; 

Stokers' wages, about is. per ton of fuel 

Foremen 



£ 


5. 


d. 


14 








3 


10 








10 






Total ;^i8 o o 

showing a difference in favour of the electric plant of jQ6 55. 

Taking 300 days in the year, and an economy of £6 51. a day, we have 
a total saving of ;^i|875 P^^ annum, which is about 12^ per cent, upon 
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the extra cost of the electric plant. The above is not given as an estimate 
which represents actual facts, because these will vary from day to day with 
the market price of machinery, and with many other circumstances 
applicable to each case; thus the electric plant might be erected for a 
great deal less than the figure above given, and so also might boilers for 
the steam plant. Also, the economy of fuel expected as a result of putting 
up the electric plant might be much more than 50 per cent, of the fuel 
which the steam plant would consume, and, on the other hand, it is con- 
ceivable that a steam plant might be erected and managed with such skill 
as to reduce considerably the possible economy to be gained by the sub- 
stitution of electrical transmission. If instead of a plant of 2,000 I.H.P. 
we take any smaller or larger figure for the purposes of comparison, it will 
only be xlecessary to divide or multiply the above estimates, as the case 
may be. 

If, as is probable, the steam-transmission plant consumed three times 
the steam used by the high-class electric plant above indicated, then the 
capital outlay for the steam plant would be ;;^37,Soo, the working cost per 
diem would be ;f 27, and the daily economy by the use of electricity 
would be;^27— ;^ii i5j.=;^i5 55., or for 300 days a total of ;^4>575- 

Description of Electrical Current— When erecting a central 
electric power station, after deciding on the purpose and size of the 
installation, one of the first questions that arise for determination is the 
kind of electricity, whether continuous current or alternating current, the 
latter being divided into single-phase, two-phase, and three-phase ; the next 
question is the voltage, or electro-motive force ; and the third question, if 
alternating current is adopted, is the periodicity, or the number of periods 
per second. 

Continuous Current. — Hitherto most installations erected for the 
purpose of generating electric current for transmission of power in 
England have used continuous current. It is also largely used in every 
country ; in fact, it is only since 1890 that alternating-current motors have 
come into favour. Previous to that date alternating currents were chiefly 
used for lighting installations, particularly for long-distance transmissions, 
partly owing to the facility for reducing or raising pressures by static trans- 
formers. Up to the year 1890 the makers and users of electric power were 
trained almost exclusively in the manufacture and use of continuous- 
current machines ; but at the present time the number of makers of 
alternating-current motors is so large that the user is free to adopt that 
system if he prefers it to continuous current. The advocates of continuous 
current claim for it certain advantages ; amongst others is the facility with 
which two (or more) motors can be worked in series if required. This is 
one of the reasons why continuous-current motors are almost exclusively 
used on tramway cars. These cars are fitted with two motors, each about 
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25 h.p. When starting, a low speed is desirable, and this is produced by 
putting the motors in series, which has the eflfect of reducing the voltage to 
one-half. A resistance is also put in at the start ; this still further reduces 
the voltage and the speed. As the speed increases the resistance is taken 
out until the car has reached half speed. The motors are then placed in 
parallel, the resistance being put in again until the car has nearly reached 
full speed, when the resistance is taken out. The speed of a continuous- 
current motor is proportional to the voltage, and if two motors are placed 
in series on any given circuit, the voltage on each motor is reduced to 
one-half. A reduction in speed is obtained by placing a resistance in the 
circuit, which reduces the effective voltage on the motor, but this resist- 
ance simply absorbs power and wastes it. Sometimes the voltage is 
reduced by passing the current through lamps ; but as a rule this method 
of reducing the speed is only applicable to small motors, as the number of 
lamps required in any one place underground only absorbs a small amount 
of current. It is possible, but hardly ever practicable, to place three or more 
motors in series, and so still further reduce the speed. Another advantage 
of the continuous-current system is that the current from a number of 
dynamos may be taken into one distributing main without any difficulty 
arising from variations in the size and description of the dynamos or engines 
driving them, the only requisite being that each dynamo shall produce a 
voltage equal to that of the others, whereas in an alternating-current instal- 
lation the various dynamos connected with one distributing main must not 
only produce current at the same voltage, but must each have the same perio- 
dicity as the others. A third advantage is that only two conductors are 
required— one for the outward and the other for the return current, whereas 
with a three-phase installation three conductors are necessary ; though it 
does not follow that the three conductors will necessarily be more expensive 
than the two. A fourth advantage claimed for continuous current is that 
arc lamps will give a lietter light with this current than with an alternating 
current. 

The chief objection to continuous-current motors is found at the com- 
mutator, because here there is generally some sparking at the brushes. 
This may be very little, but a little spark would be enough to cause an 
explosion in the presence of an explosive mixture of gas and air. Various 
devices are used to remove the danger (see page 71). On the Continent, 
three-phase alternating current is often preferred to the continuous current 
in coal-mines, on account of the danger supposed to lie in the commutator. 
The characteristics of different types of generators and motors are discussed 
in some detail on page 63, ante. 

Alternating^ Current— The ordinary alternating current, which is 
single-phase, is not so suitable for general application to motors as two-phase 
or three-phase, owing to the difficulty of starting a single-phase motor under 
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load The two-phase current is considered good for motors, and is adopted 
at some important central stations, where both lighting and power are 
required. For the purposes of lighting, the current may be taken from 
the conductors attached to one phase, and then when it is desired to 
drive a motor the current can be taken from the conductors attached to 
the two phases (see page 1 10). The convenience of this system has caused 
the electrical engineers of the Leeds Corporation, and also of the Sheffield 
Corporation, to adopt the two-phase system. 

The three-phase system has, however, the greatest number of advocates. 

It is considered that the torque is more uniform. In comparing three-phase 

with two-phase or single-phase, it is generally considered that the weight of 

copper in the cables in three-phase is only about three-fourths of that in 

either of the other two alternating-current systems, and that this advantage 

applies to most mining installations. It is sometimes claimed for the 

three-phase system that less copper is required in the conductors than in 

the continuous-current system. If equal virtual voltages are taken and a 

power factor of 85 per cent, for the three-phase, then there is a saving by 

three-phase of nearly 12 per cent. If, however, equal maximum voltages are 

taken (equalising risk of breakdown of insulation between the conductors), 

the three-phase current requires 23 per cent, more copper than continuous 

current. The chief advantage claimed for three-phase in mining work is 

the absence of commutators, and consequently of sparking at the motors. 

Another advantage over continuous current which three-phase transmission 

shares with two-phase and single-phase is the facility which it offers for 

high-tension transmission. The majority of manufacturers of electrical 

machines find it easier to make alternating-current generators of 1,000 

volts and upwards than to make generators of equal voltage on the 

continuous-current system, although there are makers of continuous-current 

machines who will guarantee their dynamos up to 3,000 volts. These 

latter, however, are the exception, and most makers prefer alternating 

current for any dynamos or motors over 600 volts. High-tension currents 

—that is to say, currents exceeding 600 volts — are inconvenient for use with 

small motors, and are seldom taken into a mine, and still lower voltages 

are preferred. But when the electric current has to be taken a long 

distance — say, exceeding three miles — a high tension is necessary in order 

to keep down the cost of conductors. If the transmission is on the surface, 

and bare conductors can be carried on poles, the economy resulting from 

the high voltage is, roughly speaking, inversely proportional to the voltage, 

because, with 10,000 volts, the current (amperes) is only one-twentieth part 

of that required with only 500 volts, and the weight of copper with 10,000 

volts is much less than one-twentieth of the weight in the 5oa-volt circuit. 

In fact, if the transmission is for a long distance, with the same percentage 

loss of power, the size of copper would only be one four-hundredth of that 
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required for 500 volts. For short distances, however, as will be seen later, 
this additional reduction is not possible on account of the high current 
density involved and consequent heating of the conductor. With a high 
tension more expensive insulators are required, and in other directions there 
will be increased expense. 

The high tension, however, as a rule cannot be used in the motor or lamp 
before it has been transformed to a lower tension, though large motors on 
the polyphase system are often run at 2,000 volts. This can be readily 
done with a static transformer, and this is another of the advantages of the 
alternating current over the continuous current, because for the reduction 
of voltage in a continuous current a rotary transformer is necessary, which 
is much more expensive than a static transformer. The loss of power in a 
static transformer is not large, varying from 3 to 8 per cent. But taking 
into account this loss, and the cost of the transformer, it is not advisable 
to introduce high-tension currents into a mining installation unless the 
distances are very great. 

Voltag^e. — The voltages in common use are between, say, 50 as a 
minimum and 40,000 as a maximum. The 50 volts is suitable for the arc 
light, incandescent light, and for small motors. For an installation where 
the distance from the generator to the furthest lamp or motor did not 
exceed 300 yards, a tension of between 50 and 60 volts would be very 
suitable, unless a large power had to be transmitted. For motors of ^ h.p. 
up to, say, 5 h.p., it would be very suitable, and it can be applied to larger 
motors. The advantage of the low tension for lighting is, that as open type 
arc lamps should not be supplied with current at more than 50 volts, if the 
voltage is higher they have to be placed in series, but if only 50 volts is in 
the mains then the arc lamps can be placed in parallel, and switched on or 
off independently one of the other. Enclosed arc lamps, however, are used 
with higher voltages (see page 230). The 50- volt pressure is, of course, suit- 
able for incandescent lamps, which are made to suit any voltage not exceed- 
ing 250, but a low voltage is advantageous for incandescent lamps, because, 
the lower the voltage, the thicker and shorter is the carbon filament 

As the distance from the generating station to the furthest motor or 
lamp increases, so must the voltage at the generating station be increased ; 
thus, at a mine where it is expected that a considerable power (say, 
40 E.H.P. and upwards) will have to be delivered for a total distance from 
generator to motor of, say, one mile, it would not be advisable to adopt a 
lower voltage than 400. If the distance were likely to be two miles, it 
would be desirable to increase the voltage to 600. If the distance is 
greater than two miles, the question becomes less simple. Assuming that 
600 volts at the motor is the highest voltage that can be conveniently used 
in or about a mine, then if a higher voltage is used there must be a trans- 
former in the vicinity of the motor to reduce the current to a convenient 
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voltage. The cost of the transformer would be equal to a considerable 
cost of mains, so that, sooner than adopt a high tension and transformers, 
it might be found advisable to spend money on enlarging, or adding to, 
the mains. For instance, a high-tension concentric cable, insulated with 
vulcanised india-rubber, consisting of an internal cable of thirty-seven 
copper wires, each 15 S.W.G. (='1489 square inch) insulated, and sur- 
rounded with a return cable, also of thirty-seven wires 15 S.W.G., and 
insulated, taped, braided, and armoured, would cost, say, ;;^8oo a mile. A 
similar cable, of which the internal copper conductor had thirty-seven wires 
No. 20 gauge, having an area one-fourth that of the large cable, would 
cost about ;^4oo, allowing for a higher voltage being used and therefore a 
higher quality of insulation, or half that of the large cable, therefore the 
extra cost for making the cable four times as large would be, say, ;^4oo 
a mile, and if the distance was three miles the total extra cost would be 
;^ 1,200. Assuming that a current of 500 amperes per square inch of 
sectional area might be sent through this cable (37/15), the current that 
might be passed would be about 74 amperes, as its area is rather over 
I square inch. This current (say, 74*6 amperes) multiplied by 100 volts 
would give 10 E.H.P., and by 400 volts would give 40 E.H.P. A static 
transformer, to transform an alternating current from, say, 1,600 volts to 
400 volts, and suitable for 40 E.H.P., would cost about jQzoOy including 
erection and chamber, showing that it would cost less money to put down 
a small high-tension cable and transformer than to put down a laige cable 
to carry a low-tension current all the way. But it might easily happen that 
the question of convenience would be more important than the difference 
in the cost as above given. In some cases the high-tension system with 
transformers at every branch or motor would be convenient ; in other 
cases a low-tension system and large cables without transformers would be 
better. All that can be done here is to indicate the method of calculating 
the cost of each system. 

When we come to distances of five miles and upwards there can be no 
doubt that a high-tension system should be adopted. 

Reasons for Economy of High Tension.— As stated in Chap- 
ter I., page 8, the electrical power of any current is the product of the 
volts and the amperes, and is measured in watts. One volt multiplied by 
I ampere equals a watt, and 746 watts are equal to i E.H.P. The size of 
conductor required depends on the current, which is measured in amperes, 
and if a conductor is of suitable size for any number of amperes— say, 74 
— it does not matter what the voltage is. But if the voltage at the motor 
end of the conductor is zero, the power or horse-power will also be zero ; 
if the voltage is great, the horse-power is great ; thus, the horse-power may 
be increased to any reasonable extent without increasing the size of the 
conductor. If the conductor is carried in the air, and therefore does not 

M 
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require any insulating covering, the increase of voltage adds very little to 
the cost of the conductor, such increase of cost as there may be being 
simply due to the improvements in the insulators on the posts carrying 
the cable, and to precautions that may be taken to prevent accidents 
through unauthorised people tampering with the cable. Thus, a cable of 
thirty-seven wires, 15 S.W.G., suitable for 74 amperes (at 500 amperes per 
square inch), would carry at 10 volts i h.p., at 100 volts 10 h.p., at 1,000 
volts 100 h.p., at 10,000 volts 1,000 h.p., and at 20,000 volts 2,000 h.p. 
When we come to insulated cables laid in the ground at the surface, or 
fixed to a shaft side, or laid along the passages of a mine, the advantages 
of very high tension are not so great, because the higher the tension 
the more expensive the insulation. It is a rule that the thickness of the 
insulating material must be ^V ^^^^ ^^^ ^^^^ thousand volts : thus with a 
voltage not exceeding 500 the thickness is 3^9 inch, and for a voltage 
exceeding 500 it is ^V i"^^ ^P ^^ 2,000 volts for small conductors ; but 
for a conductor of thirty-seven wires, No. 12 S.W.G., the thickness of the 
insulation is | inch. Outside the insulation there is a thickness of tape, 
braiding, and preservative compound, and then outside that may be 
armour, made of iron or steel wire tape. Where paper-covered cables 
are used, the insulated cable is drawn into a lead pipe, and an increase 
in the thickness of the insulating material of course increases the diameter 
and cost of the lead pipe. 

The higher the tension, the greater the care in the management of the 
dynamo and the cables. This, added to the high cost of the insulation, 
the extra cost of appliances at the stations, and the high technical training 
necessary in the operators for managing very high-tension currents, so reduces 
the advantages of high tension that some engineers, even for a transmission 
of ten miles, would prefer 5,000 volts or lower to any higher tension. 

With regard to insulated cables in shafts and underground passages, 
the extra cost of insulation from that suitable for, say, 50 volts as a minimum 
up to 600 volts as a maximum is so inconsiderable that it may be practi- 
cally disregarded, and therefore the full economy of the higher tension is 
obtained within these limits. 

In considering the distance to which current can be carried through 
cable of a given size, the following rules must be borne in mind : 

I. The loss of voltage, other things being equal, and consequently of 
power, is exactly proportional to the length of the cable, and consequently 
the loss on a three-mile circuit is three times the loss on a one-mile circuit ; 
and in calculating the loss, the length of the cables of the entire circuit 
from the generator to the motor, and back again to the generator, has to be 
calculated, except in those cases where there is an earth return. But an 
earth return is not usually admissible ; therefore, if the distance from the 
generator to the motor is one mile, the length of the circuit is two miles. 
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II. The loss of voltage on any given length and size of cable is propor- 
tional to the current as measured in amperes — that is to say, the drop in 
pressure between the positive and negative mains at the generator, assuming 
that there is no resistance in the circuit other than that of the cable, will 
vary with the number of amperes, or current passing through the cable. 
Although the motor is only at a distance of one mile from the generator, 
yet the loss of effective pressure at the motor is due not only to the re- 
sistance of the mile of cable from the generator to the motor, but also the 
mile of return cable from the motor to the generator, because the pressure 
required to force the current back from the motor to the generator is 
equivalent in effect to the back pressure in the cylinder of a steam-engine. 
Thus, if we had a generator giving a current of 75 amperes (more exactly 
74*6 amperes) at 600 volts, or 60 E.H.P., and the drop in pressure in, say, 
a mile of conductor were 5 per cent, or 30 volts, then if the motor were 
half a mile from the generator, the circuit therefore being one mile, the 
voltage at the motor would be 600—30, 570. If the amount of current 
should be doubled, or 150 (149*2) amperes be sent through the same mains, 
then the loss of voltage will also be doubled, and will be 60 volts, and the 
effective pressure at the motor will be 540 volts. 

III. The loss of power on any given circuit is proportional to the 
square of the current — that is to say, with a current of 200 amperes there 
will be four time as much power lost as with a current of 100 amperes, 
because for the double current there is double the fall of voltage. 

In discussing the size of a cable for transmitting electricity, the first 
consideration is how many amperes can be carried without heating 
the conductor so as to injure the insulating material with which it is 
covered. The second consideration is how much of the power is to be 
lost or wasted in overcoming the resistance of the cable. This second 
consideration is purely commercial : the larger the cable, the more it costs ; 
the smaller the cable, the more power is wasted ; and the more power that is 
wasted, the larger must be the engine and dynamo at the generating station . 
to produce the required power at the motor. In order to see how the 
matter works out, we will take a concrete example, say, 100 E.H.P. {e,g. 
186^ amperes at 400 volts) delivered to a motor two miles distant from 
the generator, the motor working 10 hours a day for 300 days. Multiplying 
100 X 10 X 300, we have 300,000 h.p. hours a year. If we value the horse- 
power delivered at id. per hour, we have 300,000^. = ;;^i,25o. If we 
allow a loss of voltage of 10 per cent, of that at the motor in the circuit 
we shall require a cable with a sectional area in copper of '82 square inch ; a 
cable 91/12 has an area of 76 square inch. The current density in this cable 
will be 245 amperes per square inch. We will value the cost of this single- 
conductor cable at ;;^99o per mile, or, say, ;^3,96o for the circuit, and the 
cost of fixing it, including the cost of putting it down the shaft and along the 

M 2 



I64 ELECTRICITY AS APPLIED TO MINING 

mine, at ;^4oo, making a total of ;;^4,36o. The power of the generator, being 
lo per cent, in excess of that of the motor, is no E.H.P., and the I.H.P. of 
the engine being, say, 25 per cent, more than the E.H.P., is 137 i- Taking 
the basis of cost given on page 155 for generator, engine, boilers, condensers, 
&c., at j£2o per I.H.P., we have the cost of the generating station, 
137^ X 20, or ;£2,7So. If instead of a loss of 10 per cent, we had a loss of 
20 p)er cent, in the cable, the cost of the cable would be reduced, because 
it would be one-half the size, and its price would be ;;^620 a mile, or ;^2,48o 
for the four-mile circuit The cost of erection would be practically the same, 
say, ;^4oo, making a total of ;;^2,88o ; but the power at the generating 
station would be increased to, say, 1 20 E.H.P. + 25 per cent., making a total 
power of 150, which, at ;^2o per I.H.P., brings the cost of the generating 
station up to ^3,000. In the first instance the drop in voltage was 10 per 
cent., and the loss in working is one-tenth of the power actually used at the 
motor. One- tenth of ;^ 1,250 is ;f 125. Where the 20 per cent, loss was 
sustained the loss is one-fifth of the utilised power. One-fifth of ;^i,25o is 
;^25o. The saving by having only a 10 per cent, drop is ;^i 25 a year. If 
instead of reducing the conductor we had doubled the size, we should have 
a total cost for the cable of ;;^8,32o (see Table I., Column C), instead 
of ;^4,36o as in the first instance ; the loss in transmission would be only 
5 per cent, of the power at the motor : the E.H.P. at the generator would 
be 105 ; the I.H.P. would be 131 ; and the cost of the generating station 
;^2,620. The loss would be one-twentieth of ^^1,250, or ;;^62 los. 
a year. 

The above calculations, and some others, showing different voltages, 
percentages of loss in transmission, and distances, are given in Table I. 

It will be seen in this table that the amount of drop in voltage, or loss 
of power in transmission, has to be regulated, in the shorter- distance trans- 
missions, not by the simple question of cost of cable, but by the question 
of heating, so that in the shorter transmissions the cable is made larger 
than would have been necessary if the question of cost of transmis- 
sion only had been considered. The size of cables of which the cost is 
given in the table is also slightly modified in order to use standard sizes 
of cables, and the prices given are averaged from makers' lists, and do not 
necessarily represent the actual cost of cables, which might to some extent 
be modified by special quotations. 

In Table I., in Columns A, B, and C, transmissions of half a mile, 
one mile, and two miles, with a voltage of 400 at the motor, are cpmpared^ 
and with losses of 5 per cent., 10 per cent., and 20 per cent, for the total 
distance in each case, except where modified by considerations of tempera- 
ture. We have also, in Columns D, E, F, and G, transmissions of half a 
mile, one mile, two miles, and three miles, with a voltage at the motor of 
600, and a total loss in each case of 5 per cent., 10 per cent., and 20 per 
cent, except as modified by temperature considerations. The cost of the 
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generating station and cables (including erection) is given in each case ; 
but the motors and all electrical appliances &c. at the motor station are 
not included. The value of the power lost is taken at id, per E.H.P. per 
hour, which no doubt in many cases exceeds the cost of production. Re- 
ferring to Column B, with 400 volts at the motor, and a transmission of one 
mile from generator to motor, we can compare the figures where there is a 
loss of 10 per cent, and 20 per cent., and we find in the latter case an in- 
creased annual cost of ;^85, and a diminished first cost of ;^278 ; ;^85 is 
30*6 per cent, on the extra cost of the 10 per cent, installation, so that the 
additional cost of it would be repaid in a little over three years with interest, 
or, looking at it from another point of view, the extra loss in the 20 per 
cent installation is equal to 2 per cent, interest on the whole cost of the 
generating station and cables. 

Comparing 10 per cent, with 5 per cent, loss, we have a saving in the 
latter case of jQ^f) a year working cost ; but the extra capital outlay is;£6io, 
and the saving of ;^59a year is under 10 percent, on the increased outlay. 
It is evident, therefore, that the 5 per cent, installation is not worth the 
extra expense. 

Heating of Cable. — The loss in transmitting the current of elec- 
tricity is represented by heat generated in the wire. In an insulated wire 
the insulation is liable to damage by heat, and in any case the resistance is 
largely increased if a high temperature is reached, and therefore it is 
essential for safety and economy that no excessive current should be con- 
tinued for many minutes. A calculation of the heat generated in the 
conductor will show the amount of power wasted. This may be repre- 
sented by the following formula in horse-power : 

C'R 
h.p. = — = C^ X R X '00134. 
746 

In the above, C represents the current in amperes, and R represents the 
resistance in ohms. For the sake of example, let us suppose a copper con- 
ductor, exactly i square inch in area and 1,000 feet in length. Then R, 
the resistance in ohms, will equal '00833. Let us now suppose a current 

r * T^u C* 1,000 X 1,000 ^ T.J, ,^. , . 

of 1,000 amperes. Then, = ' — * = 1,340*5. Multiplymg 

this figure by '00833 we get 1 1 * 1 66, or a loss in round figures of 1 1 h.p. This 
represents, perhaps, a very small percentage of the power passing through 
the main. One thousand amperes at a voltage of 746 equals 1,000 h.p., 
and 1 1 '2 is a little over i percent. If, however, the cable, instead of being 
only 1,000 feet in length, were a mile in length, the resistance would be 
increased as 1,000 : 5,280 ; that is to say, the loss would be increased 
more than fivefold. In round figures, the loss would be about 60 h.p., 
or 6 per cent. ; and if the complete circuit were two miles long the loss 
would be 120 h.p., or 12 per cent. If the conductor, instead of being 
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exactly i square inch, had been half the area — that is to say, ^ square 
inch — the resistance would have been exactly double, and the loss would 
be exactly double; therefore, instead of being 12 per cent, as above, 
it would be 24 per cent of the power generated, or nearly one-third of the 
power delivered. But a current density of 1,000 amperes per square inch is 
as large as it is considered wise to take, and it is often thought advisable to 
take a less current density. In the instance given (Table I.), where there 
is a two-mile circuit (the motor being one mile from the generator) with 
a drop of 10 per cent, the number of amperes in the cable is 186^, 
the cross-section of the cable is '41 square inch, and the density of the 
current is 455 amperes per square inch. In the preceding examples 
of 5 per cent., 10 per cent, and 20 per cent loss, the size of the conductor 
is calculated after the following manner : — 

The motor is assumed to be one mile from the generator ; the E.H.P. 
delivered to the motor is 100 ; the voltage at the motor is 400, and the 
drop on the cable is 40, making the voltage at the generator 440. The 
work done at the motor, if taken in watts, is 100 x 746, or 74,600 watts. 
Dividing the watts by the volts — that is to say, dividing 74,600 by 400, we 
have the amperes — 186^. The drop, being taken as 10 per cent of the 
voltage at the motor, is also 10 per cent of the power at the motor, or one- 
tenth of 74,600 watts — i.e, 7,460 watts — and the loss of power in watts 
due to the drop on the line is shown by the formula : 

Loss in watts = R x C^ (in amperes). 

In this case, 7,460 = R x 186^'^, or, 
R= 7,460 _ 7^460 

(i86i)'^ 34,782 ^- 

R = '214 ohm. 

= '107 ohm per mile. 

'107 X 1,000 , c ». 

= — -— - — ohms per 1,000 feet 
5,280 ^ 

R = -0202 ohm per 1,000 feet 

It was stated above that the resistance of a square inch of copper 
1,000 feet in length was '00833. ^^ ^^ ^^ the following sum in proportion 
we shall get the required sectional area of the conductor. As : 

•0202 : '00833 \',i:x. ^ = '412. 

In the above manner the sectional area of any conductor can be 
calculated. An easier way of doing this is to remember that with a current 
density of 800 amperes per square inch the drop in voltage in a copper 
conductor is 2 volts per 100 yards, and that the current density is pro- 
portional to the drop of voltage, and inversely proportional to the length 
of cable. Thus, with a drop of 40 volts in two miles, the current density 
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equals 800 x -^^- x — = 454*5 amperes per square inch ; therefore, 

2 X 1,760 2 

the area of cable required to carry 186*5 amperes = ^ -^ = '41 square inch. 

Referring to the examples given on pages 163 and 164, of a motor 
or motors of 100 E.H.P. two miles distant from the generator, and the 
comparative cost, the results, as seen in the table, are very different if the 
distance of the motor from the generator, instead of being two miles, is 
reduced to half a mile, and with the same percentage of loss in each case 
the size of the conductors is also a quarter. In dealing with insulated cables 
the cost is not always exactly proportional to the size of the conductor, and 
the cost of fixing in the shaft will be about the same in each case. We 
need not consider here the case of 20 per cent, loss, since the current 
density in this case comes out to 1,820 amperes, which is much too high. 
The current density with a 10 per cent, loss — namely, 910 amperes — is also 
too high, so that instead of 10 per cent, we must take a loss of 8 '5 per cent., 
which gives a current density of 770 ampbres. Then the relative cost of 
cables and erection for 8*5 per cent, and 5 per cent, loss will be ;£696 and 
^^870, and, adding the cost of the generating station, the total costs are 
respectively ;^3,396 and ;£^3,49o. Here it appears that the 5 per cent, 
installation gives the best arrangement ; that is to say, that a drop of 5 per 
cent, is the most economical, since the saving in working cost of ^^42 per 
annum is effected by an increased capital expenditure of only j£g4^ giving 
a rate of interest of 45 per cent. The conditions would be again altered if, 
instead of reducing the distance to half a mile, we made the distance from 
the generator to the motor one mile, as in the case shown in Column B 
of the table. By the assumption the loss of power in the cable is the same 
whether the motor is half a mile, one mile, or two miles from the generator ; 
biit in these last instances, where the motor is two miles from the generator, 
it is probable that the installation, where the loss of power is 20 per cent, of 
the power utilised at the motor, is the most economical arrangement. To 
reduce the loss from 20 percent, to 10 per cent, requires an expenditure of 
;^i,iio, and the resulting economy is ;£i2o a year, giving a return of 10*8 
per cent, on the additional outlay. Without making further calculations of 
this kind, we can see at once that if we increase the length of the circuit we 
must submit to a greater drop in the voltage and consequent loss of power. 

EfTect of Increasing the Voltage.— In the above instances the 
somewhat low voltage of 400 at the motor has been taken. If we increase 
the voltage to 600, we shall again find a striking difference in the capital 
outlay. The effect of increasing the voltage in the proportion of 400 to 
600, if the same percentage of power loss is maintained, will be to decrease 
the necessary sectional area of the cables in similar ratio twice over, 
because the voltage drop is greater, being 60 instead of 40, the current is 
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less, being 124 amperes instead of 186 ; the loss varies as current squared, 
and the cable resistance increases as its size diminishes. Thus, for equal 
percentage power losses the size of cable varies inversely as voltage 
squared, or as 600' : 400^ — that is, as 3* : 2', or as 9 : 4. And since it 
will not materially affect the thickness of the insulation of the cables (in 
fact, the same quality of cable will be used), the cost will be reduced in 
approximately the same ratio — that is, as 9 : 4.^ 

Referring to Table I., 600 volts, one-mile transmission, with a 
10 per cent, drop of voltage and a 10 per cent, loss of power, Column E, 
we find the cost of the cable erected is ;£968, the cost of the generating 
station ;£^2,75o, and the total cost ;£3,7i8. With an 11 '5 percent, loss 
(the maximum allowable), the cost of the cable erected would be ;^693 ; 
generating station, ;;^*2,784 ; total, ;;^3,477 ; and with a 5 percent, loss the 
cost of the cable would be ^1,540; generating station, ^^2,6 20 ; total, 
;^4,i6o. From the table it appears that in this case the most economical 
drop is from 5 per cent, to 10 per cent. From Column D it appears that 
a loss of 5 per cent, is the maximum permissible in a half-mile 600- volt 
transmission, for no greater drop can be taken without undue heating. 
When we come to the two-mile transmission (see Column P'), it is evi- 
dent that a total drop of 10 per cent, is the most economical arrangement. 

In all the above instances the cost of the cable is calculated as going 
down a shaft about 500 yards deep ; but if the installation had been entirely 
on the surface, where a bare copper conductor could be carried on poles, 
the cost of the cables would be much less. 

With the above transmission of two miles from generator to motor, it 
is evident that we approach the verge of the distance to which we can pro- 
fitably go with low-tension currents, but, in order to make sure, we have 
worked out the results with a distance of three miles and a tension of 
600 volts (see Column G). As compared with the two-mile transmission, 
the length of the cable has to be multiplied by one and a half, and 
the area has also to be multiplied by one and a half, because it is necessary 
to increase the sectional area of the conductor in order to maintain the given 
drop of 10 per cent, (really 9* 15 per cent.). Thus, the cost of the cables 
for the three-mile transmission is £^,$^0 : add the cost of the generating 
station, ;^2,73o, and we have a total cost of ;^io,25o. With a drop of 20 
per cent, (really i8'i per cent.), we have the cost of mains ;£3,3i4 ; add 
the cost of the generating station, ;^2,94o, and we have a total cost of 
;£6,254. It is at once evident that 20 per cent, is the least drop that we 
can employ in this case, and the next question is. Would it be profitable 
to have a greater drop, say, 30 per cent. ? The effect of that would be to 

' It will be seen from the table that the cost works out at a ratio of about 9:5; in 
most cases the cost of manufacture of the smaller cable is a little greater than that of the 
larger in proportion to its size. 
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reduce the area of the cable in the proportion of 3 to 2. This gives the 
area of the cables '183 square inch. A No. 37/14 cable has this area and 
costs ;^334 per mile ; making a total cost of cable, including erection, of 
^2,504. The cost of the generator will be ascertained as follows : 

100 E.H.P. 4-30 percent, for loss in transmission = 130 E.H.P. -f 25 per 
cent. = say 162 I.H.P., and this at ^20 per LH.P.= ;^3,24o. Adding this 
to the cost of the cable, we have a total cost of ;£5,744. The loss in 
working is 30 per cent, of ^1,250 — that is to say, ;£375 a year. As com- 
pared with a 10 per cent, drop, the reduction in capital cost is ^4,506, 
and the loss in working is j£26i a year more, or about 6 per cent. Com- 
paring it with a 20 per cent, drop, the latter has an extra capital cost of 
^510, and an economy in working cost of ;;^ 149 a year. Therefore, it 
appears that for a three-mile transmission (from generator to motor), with 
600 volts at the motor, we must have something like a 20 per cent. drop. 

Averaging the Distance to which the Power is taken.— In 

distributing power at a works similar to a mine it is generally the case that 
the power is required at a great variety of places, some much nearer than 
others to the generator. We might put down low-tension generators and 
cables for driving those motors which are near to the station, and high- 
tension generators and cables for those which are distant ; but this at once 
leads to complications in working and to additional expense at the gene- 
rator station and in the cables, due to complications. It is desirable to 
have spare generators at the station, so that the works may not be stopped 
by the breakdown of one machine, and for every class of machine we have 
we must also have spare machines. For this reason it is generally advisable 
to sacrifice some economy in transmission for the sake of avoiding the 
complication of having a variety of generators which cannot be substi- 
tuted one for the other, and a variety of cables which cannot be tapped for 
any machine about the works as required. Therefore, in calculating the 
required voltage for a works, we have to consider the average distance to 
which the power has to be taken. Thus, out of 2,000 I.H.P. at a mine, 
there might be the distribution of E.H.P. shown in the table on page 170. 
The total of 1,610 E.H.P. will absorb the 2,000 I.H.P. of the gene- 
rating station. It will be seen that 830 E.H.P., or more than one-half, does 
not exceed half a mile ; 270 E.H.P. exceeds half a mile and does not 
exceed one mile ; 350 E.H.P. is two miles, and 160 E.H.P. is at three 
miles. I^ooking at the column of E.H.P. miles, we find that the average 

T *? T T 

distance of transmission is *'— , or a little over one mile. 

1,610 

We can, therefore, treat this as a one-mile transmission, and on a basis 

similar to that given in Table I., Column B, for a transmission of 100 E.H.P. 

It is, therefore, possible to deal with this economically with 400 volts at the 

motor and a 10 per cent, drop in voltage — i.e, 440 volts at the generator. 
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Table showing Possible Distributon of Power at a Mine. 







Average Distance 
fromClenerator 


E H.P. 


Description of Engftie 


E.H.P. 


X miles 






in Miles 




Pumping 


20O 


i 


66 


Ventilating fan . 




200 


'' ' 


50 


Screens and washing-machines 




150 


' ■ 


38 


Workshops and saw-mill 




80 


1 


14 


Sundry inclines and other work 




50 


9 


25 


Lighting works on surface . 




50 


J 


25 


Lighting village 






100 


I 


100 


Pumping-engine in pit 






30 


i 


23 


>» If 






40 


I 


40 


11 }> 






50 


2 


100 


»i , II 






60 


3 


180 


Hauling-engines 






100 


i 


50 


II 






100 


I 


100 


II 






100 


2 


200 


. . " 






100 


3 


300 


Auxiliary fans 




, 


200 


2 


400 


Total 


1 


• 


■ 
1,610 




1,711 



If the voltage were raised to 600 at the motor, it would be more economical 
still, but this is unusually high for a colliery installation, and it would be 
better to fix the voltage at the generator at 500 or 600. If a voltage of 
550 at the generator is adopted, and a drop of 50 volts per mile of 
distance between generator and motor, then the voltage at the motor will 
average a little under 500, but at all the motors over one mile it will 
be less than 500 ; for instance, at those two miles off it will be about 
450, and at those three miles off it will only be 400, and the speed of 
the motors will be proportionately reduced, unless they are specially 
designed for these voltages. If we assume that at this particular mine 
some portion of the power — say, not exceeding 200 E.H.P. — had to be taken 
even further than three miles from the generator — say, four miles — it would 
still be within reach of the generating station, because although the loss of 
200 volts, or 57 per cent, of the utilised power, would be heavy, it would 
only be on one-eighth part of the total supply. 

The above case illustrates a very common problem when it is desired 
to supply a great variety of machines with power, both near and far ; but 
there are other leases, where the electrical power is required, not for the 
supply of any machines near to the generator, but entirely for those at a 
distance, and it is at once evident that the question of a higher voltage must 
be seriously entertained, in order to keep down the capital cost and the 
loss in working. In the last-mentioned example, where a total of 1,610 
E.H.P. is transmitted at a drop of 50 volts, or 10 per cent, per mile, an 
average distance of i^q mile, the cost of the cables, erected ready for work, 
would probably be some figure between jQi 2^000 and ;£'2o,ooo, varying 
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with the price of copper and the nature of the insulation employed, the 
number of separate cables, the conditions of the shafts, &c. If the 
current is carried in cables averaging, say, eight large armoured cables, and 
down a shaft 500 yards deep, the cost will vary from, say, ;£'i 2,000 to 
;^i 7,000, including fixing. But if, as is more probable, there is an 
average of, say, sixteen armoured cables, the cost will vary from, say, 
;£"! 5,000 to ;^i 9,000. This represents an outlay of capital upon which it 
is worth while to attempt to make a saving by increasing the voltage, and 
in other ways, if it can be done without a corresponding increase in other 
parts of the system and loss in efficiency. 

Reduction of Cost by Increasing Size of Cable.— It is 

probable that in the example given there will be a number of cables, 
going on different roads and kept well separated from each other both in 
the shafts and underground, so that a defect in one cable will not 
necessarily lead to the stoppage of the whole work. But sixteen highly 
insulated, lead-covered, and armoured cables, each carrying 100 E.H.P., 
will be much more expensive than four cables each carrying 400 E.H.P. ; 
and in the case where all the current is required for a long-distance 
transmission, it is probable that for a great part of the distance all the 
current can go in large cables and at a reduction of perhaps 20 per cent, in 
the average cost per h.p. transmitted. In the case of the transmission 
two miles, with 400 volts at the motor and a drop of to per cent, per 
mile from generator to motor, the cost of the cables for 100 E.H.P. was 
put down in Table I., Column C, at ;^2,48o, and erection ;^4oo. If 
these figures were multiplied by 16, we should get ;£39,68o + ;£^6,4oo 
= ;£'46,o8o, as the cost of the cables and of erection ; but if all the power 
were taken this distance, it might probably be taken in, say, four large 
cables, each of 400 h.p., and reducing the cost of the cables by 20 per 
cent, the cost would be ;^36,8oo ; and the question at once arises how this 
figure can be reduced. We have to reconcile two conflicting needs : one 
is the convenience and safety of low-tension motors, &c. ; the other is the 
economy of high-tension mains. 

Three-wire System. — If we use continuous, or, as it is otherwise 
called, direct, current, we may conveniently adopt what is called the three- 
wire system. By this system we can double the voltage at the power-house 
by putting two generators in series, and the motors we employ in the mine 
are used at half the voltage which is generated in the power-house, less the 
drop in transmission. Thus, in the case of the two-mile transmission, we 
might have two generators in series in the power-house, each of 480 volts. 
A 20 per cent, drop over the four miles of cable would give us 400 volts at the 
motor. The conductors or cables are laid in sets of three. The middle 
conductor is the neutral or balancing conductor, and the two outers are 
the positive and negative conductors. The motors will be arranged 
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alternately — the first motor between the positive conductor and the neutral 
conductor, and the second motor between the neutral and the negative 
conductors. It is assumed that the motors will be worked in pairs of 
approximately equal power. It is not necessary that they should be very 
near together. They may be hundreds of yards apart, and the pair may 
consist, say, of one motor of 60 h.p. on the positive side and two motors, 
say, each of 30 h.p., on the negative side, the endeavour being to arrange 
the motors so that there shall be as nearly as possible equal powers on each 
side of the neutral conductor. If the powers are quite equal, the negative 
conductor will act as the return cable for the positive conductor, and the 
practical effect on the voltage is as if each pair of motors were run in 
series the same as the generators. If the pairs are not of equal power, or 
do not happen to be working at equal powers, then the neutral conductor 
takes the balance of the current, and must be made of a size suitable for 
the purpose. Since the size of the cables for a given loss of power varies 
inversely as voltage squared, the size of the cables on the three-wire system 
is only one-fourth. . But this saving of three-quarters is not really made, 
because there is the cost of the middle wire. If the power on the pjositive 
side is 4, and that on the negative side 2, then the balancing-wire will have 
to be equal to 2. For the purpose of comparison with the two-wire system, 
we may call the cost of that system 16, the cost of the outers of the three-wire 
system 2 + 2 = 4. The cost of the middle wire is half one outer = i, and 
the cost of the two systems will therefore be as 16 : 5. But it is possible 
that while the full load might be on one side, there might be no load on the 
other side ; in this case the middle wire would have to carry a current equal 
to that in the outer, so that it will be better to make the three wires of 
equal size, especially if the number of motors is not large ; in this case the 
cost of the middle wire will be 2 instead of i, and the relative cost of two- 
and three- wire systems will be as 16 : 6, or 8 : 3. In the case of the three 
conductors taken into a district where there are a number of motors, it 
will generally be possible, by means of suitable switches, to connect the 
motors on to that side, positive or negative, which is best for evenly 
balancing the current. But if we have a middle wire of the same section 
as the outers, this arrangement will be unnecessary, and if one side is 
entirely cut off, only one generator need be run, and the system will 
become for the time being a simple two-wire system. 

Applying this reasoning to the example above given — namely, a 400-volt 
two-mile 1,600 h.p. installation, and allowing the same drop — that is, 10 per 
cent, per mile — we have the cost of cables on the three-wire system, six- 
sixteenths of the previous cost =^39,680 x §=;£ 14,880. But the current 
density is too great, being 932 amperes per square inch, therefore the size 
and cost of the cable must be increased in the ratio of 932 : 800, making the 
cost ;£i 7,335, and, taking the cost of erection at ^6,400 x 3=;^4,8oo, we 



HIGH TENSIONS AND TRANSFORMERS 1 73 

have the total cost ^2 2, 1 35. If we raise the voltage to the highest which is 
generally considered admissible in this kind of transmission — Le, to 600 
volts at the motor-house — and take the greatest drop permissible for a 
density of 800 amperes as above — that is, 137 volts in the circuit, giving 
Ij337 volts between the outers at the generators — we can reduce the size 
and cost of the cables in the ratio of the voltage — that is, as 600 : 400 
'' ;^i7i335 ' £^ 1*556. Adding ;^4i8oo for erection, total cost ;^i6,356. 
The total loss in transmission is 17 per cent, with 400 volts, and 11^ per 
cent with 600 volts at the motor. If it is desired to reduce the cost of the 
cables still further, there are two possible systems. 

High Tension. — The first we will take is the continuous-current 
system, either three-wire or two-wire, and the voltage may be raised at the 
generating-house up to, say, 2,000 volts on each generator, or, on the three- 
wire system, to a total of 4,000 volts. But there are comparatively few makers 
who will undertake to make continuous-current generators of this high 
voltage. Most makers of this class of machinery object to exceed 600 
volts, alleging that there is a great liability to failure. The high voltage is 
also unsuitable for the small motors generally used in mines, and it is 
necessary to transform it. The transformer used for the purpose is a 
rotary transformer. Sometimes a special machine is used, and sometimes 
the rotary transformer simply consists of a motor at one end of the shaft 
driving a generator at the other end of the shaft, the generator being so 
wound as to give current at the required voltage, which may be, say, 400, 
or any other convenient tension. This transformer, or motor-generator, 
will absorb from 6 per cent, to 50 per cent, of the power, according to its 
size, and it will cost from j£^ to jQ6 per E.H.P. 

Alternating Current : High Tension.— The other method is by 
alternating-current machines and static transformers. When we get to 
this system we at once go for high tension — that is to say, any tension not 
exceeding 3,000 volts. With, say, 2,000 volts we shall be able to reduce 
the cost of the cables very greatly. It is assumed, for the purposes of 
the following calculations, that the size of cables required for alternating 
current is not materially different from that required for direct current for 
approximately the same voltages. Going back to the example, Table I., 
Column C, of a 100 E.H.P. two-mile transmission, with 400 volts at the 
motor and a drop of 10 per cent, from the generator to the motor, or a 
total drop of 20 per cent., we have a voltage at the generator of 480. If, 
for the sake of convenience in calculation, we multiply 400 volts by five, 
we get a voltage at the alternating transformer of 2,000, and allowing a 
total of 20 per cent, for loss in transmission (that is, 10 per cent, per mile) 
in the cable, we get a voltage at the generator of 2,400. The cost of the 
cables at the low tension was ;^2,48o-f ;^4oofor erection, and multiplying 
these by 16, to make up 1,600 h.p., gives totals of ;^39,68o4-;^6,4oo. 
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equal ;^46,o8o, cost of the cables and erection. With the increased 
voltage we may divide the cost of cable by 5* = 25, reducing ;^39,68o to 
jC^f5^7 ; but this cost must be doubled on account of extra insulation and 
smaller size, so that the cost of the cables (7/17) will be jCStiJA + the 
erection of the sixteen cables at ^300 each, or, say, ;^4,8oo, making total 
cost ^7,974. But with the above drop of 400 volts, the current density 
will be increased five times, from 466 amperes to 2,330 amperes, and this 
is too much, therefore the current density should be reduced by enlarging 
the cable three times, using 19/17, thereby increasing the cost from ;£^3,i74 
to ;^8,32o, adding erection, ;£^4,8oo, making the total cost ;£'i3, 120. The 
total loss in transmission will be reduced from 20 per cent, to 7 per cent. 
To this has to be added the cost of static transformers, which at ^3 per 
E.H.P. (including chamber and fixing) would be approximately ;£5,ooo, 
or a total cost of ;^i8,i2o for cables and transformers. Compare this with 
;^i6,356, the cost of cables alone on the three-wire system (page 173) with 
600 volts at the motor, and no transformers, and a loss of 11^ per cent, in 
transmission : 11^ per cent, of 1,600 E.H.P. = 184 E.H.P. of loss, and 
adding 25 per cent, to turn into I.H.P. makes 230 I.H.P., which at a cost 
of ^20 per I.H.P. costs ;^4,6oo. The loss on the alternating system is 

'-- of the above, or the capital outlay to meet this loss is j£2jSoo. 

The annual loss at ii^ per cent. ==^144 per 100 E.H.P. delivered, and 
for 1,600 E.H.P. delivered is ^£144 x 16 == ^'2,304. If the loss is 7 per 
cent, it will be ^1,400, so that the annual saving by the alternating system 
will be ^904. The extra cost of generating station for the three-wire 
system = ;^i,8oo. The extra cost of cables and transformers for the 
alternate-current system = ;£^i,734 ; so that there is a balance of j£2'j6 of 
capital cost in favour of the alternate-current system ; but the two systems 
on the whole are about equal in first cost and working cost in this 
instance. 

If we go to a distance of three miles and keep the same drop of 
potential per mile, or a total drop of 17J per cent., the cables on the three- 
wire system with 600 volts at the motor would cost just 50 per cent, more 
than for two miles — that is, ;t i7>334> adding erection ;;^6,ooo = ;^23,334. 
With the cables on the alternating-current system with 2,000 volts at the 
transformer, and a total drop of 10 J per cent., the cost would be ;^i 2,480, 
and erection ;£6, 000 ; total, ;^i8,48o ; to which must be added ;^ 5, 000 for 
the transformers, making a total of ^23,480. This calculation shows a 
gain by the adoption of the 2,000-volt system of 6} per cent, on the first 
cost of generating plant, but after allowing for loss in transformers the 
working costs will be much the same. For a four-mile transmission and the 
same drop per mile, making a total of 23 per cent., the cost for the three- wire 
system is ;£i 7,334 x i^ = ^^23, 11 2, and erection ^7,200 : total, ;£3o,3 12. 
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For the alternating-current system with a total drop of 14 per cent, the 
cables will cost ^12,480 x i^ = ;£'i6,64o, and the erection ;^7,2oo, and 
;^5,ooo for transformers = ;£'28,84o. This shows that the 2,000-volt system 
is ;^i,472 cheaper in first cost of cables &c. and 9 per cent cheaper in 
first cost of generating plant ; after allowing for loss in transformation there 
may be some saving in working cost. 

Overhead Wires. — It will very frequently happen at a mine that 
where there is a long-distance electric transmission the cables can be taken 
on the surface over private lands, and in this case there is no reason why 
overhead conductors and bare wires should not be used. The cost of the 
bare-wire conductor is very much less than that of the insulated cable, so 
that cables with a large sectional area of copper can be used, and the drop 
reduced from 10 per cent, per mile to i per cent, or ^ per cent, per mile. 
Where this is the case, a long-distance transmission at low voltages presents 
much fewer difficulties than in the cases previously dealt with. An over- 
head cable suitable for carrying 100 E.H.P. at 660 volts at the generator a 
distance of two miles to the motor with a total drop of 10 per cent. — that 
is to say, a voltage at the motor of 600 — would be 61/13, or '4 square inch 
(see Table I., Column F) ; the copper would weigh about 8,300 lbs. a mile, 
therefore two miles each way would weigh 33,200 lbs. ; this at lod. per lb. 
will cost 332,000^., or ^£1,383, as compared with the insulated cable 
;^2,48o. 

To take a case of long-distance transmission — say, ten miles from gene- 
rator to motor — a voltage at the generator of 5,000 and a drop of 10 percent, 
for the distance, or i per cent, per mile — that is, 500 volts, equal to 50 volts a 
mile — we should have a current density of 563 ampferes per square inch ; 

the size of the cable for 1,600 E.H.P. would be ^' °° ^-J-^ x i .square inch 

4,500 X 563 

= '47 square inch. This would weigh 9,700 lbs. per mile, or, for the twenty- 
mile circuit, 194,000 lbs. ; this at 10^. per lb. costs ;^8,o83. It would 
therefore be economical to use a larger conductor and a less drop. A 5 per 
cent, drop would save 80 E.H.P. — costing ;£i,ooo per annum — at addi- 
tional cost of ;£8,ooo, giving a return of 1 2^ per cent, on the additional outlay. 
Workings Costs. — On page 156 an estimate is given of the working 
cost of an electric plant of 2,000 I.H.P., which works out to about 
^i^d. per I.H.P. per hour, or, if we add the repairs and renewals of plant, to 
nearly ^d. per I.H.P. per hour. But in considering the amount of drop in 
the voltage in a long conductor, or the loss of power in a conductor, at 
page 163 we took the value of the E.H.P. at id, per hour. But there is, 
of course, a difference between the E.H.P. delivered and the I.H.P. of the 
engine driving the generator, the former being, say, two-thirds of the latter, 
and therefore our cost of '225^. per I.H.P. hour, as given on page 156, must 
be increased to '337^. per E.H.P. hour at the motor. If we substitute this 
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smaller cost for the id, taken in the above calculations, we might be led 
to adopt a higher drop in voltage. There is, however, a limit to the drop 
which is permissible, and that is caused by the heat effect of the current 
on the cable. The amount of drop permissible is not a percentage in every 
case, but such a voltage as is sufficient to force the permitted density 
of current against the resistance. 

Heat of Conductors and Dangers. — The doctrine of the con- 
servation of energy teaches us that whenever power is lost in one form it 
appears somewhere else in another form, and thus, when the E.M.F. 
in volts is lost in a cable, it appears in the form of heat in the wires 
of the cable. If a bare wire were covered with fine coal-dust — as, for 
instance, in the vicinity of coal screens on the surface, or on a haulage road 
in a pit — heating would be very likely to occur, and a small rise of tempera- 
ture in the wire would warm the coal-dust and thus would increase the rate 
of oxidation of the latter, and so set up what is commonly called ' spon- 
taneous combustion,' and a terrible accident might be the result. This 
danger is not confined to coal-dust, but is found in many other things, such 
as carbonaceous shales, oily rags and waste, &c. 

It is, however, usual for conductors in or about a mine to be covered 
with insulating material, such as india-rubber or paper saturated in oily 
and waxy compounds, and the effect of a small rise of temperature in the 
conducting-wire is to injure the insulating material. A temperature of 
120° F. is given by manufacturers and others as the maximum tem- 
perature to which india-rubber insulation should be exposed, but it is 
also believed that any rise of temperature above 60** F. is injurious and 
shortens the life of an india-rubber cable. It is also stated that a rise of 
temperature reduces the insulating power, both of the india-rubber and of 
the paper ; so that an insulation which would be perfectly satisfactory at 
a temperature of 60° might be unsatisfactory at a temperature of 100°. 

Cable-makers of great experience say that a current density of 1,000 
amperes per square inch may be permitted without injuring the cable, in 
the case of cables of small size ; that is to say, a cable made of nineteen 
wires, i6-gauge, equal to '06 square inch, or about V« square inch, 
might be subjected to a current density of 1,000 amperes per square inch — 
/>. a current of 60 amperes might be sent along such a cable covered with 
rubber insulation. But for a larger cable the current density must be 
reduced to 800 amperes per square inch. The makers of cables covered 
with bitumen say that their cables will stand a maximum current density 
of 1,000 amperes per square inch up to a sectional area of \ square inch ; 
above that area the current density to be only 800 amperes. 

It is, of course, perfectly obvious that for any given current density the 
larger the conductor, and consequently the larger the current and the 
larger the amount of heat developed by that current, the greater effect it 
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will have in heating the surrounding insulating material ; because, whilst 
the cooling surface increases in proportion to the diameter of the conductor, 
the heating current increases as the square of the diameter. If we refer 
to the example in Table I., showing the size of cable required to 
transmit loo E.H.P. with 400 volts at the motor with a drop of 20 per cent, 
of voltage, or 80 volts in four miles of cable, we find that the sectional area 
of copper is '41 square inch, and that the current of 186^ amperes is equal 
to a density of 455 amperes per square inch. It appears, therefore, that this 
current is well within the limits given by the makers of cables. But before 
we take that for granted we must consider the: conditions of a cable in a 
mine. Generally speaking, the conditions of a mine- are favourable in this 
respect — that the temperature is uniform. The conductor is not exposed 
to the hot rays of the sun or to frost. But, on the other hand, the mine, 
or parts of the mine, may have a permanently high temperature, and this is 
injurious to the insulation of the cables ; and on that account the current 
density should be kept down so as to avoid overheating. In some few 
mines the temperature underground is 90° and upwards, and in many 
others it is over 70®. For this reason it will probably be prudent to keep 
down the maximum current density in a colliery to 800 amperes per square 
inch for small conductors, and to 600 for large conductors. This affects 
the question of burying conductors or of hanging them on props. In deep 
mines it will be an advantage to have the cables where the ventilation can 
keep them cool, instead of burying them in thfe hot earth. • 

When increasing the voltage for a given amount of power, we are able 
to use a smaller conductor, because a smaller number of amperes is required 
to give the same power. We are also able to use a still smaller conductor, 
because we can afford a higher drop of voltage. Ten per cent, of 400 volts 
is 40, and to per cent, of 600 volts is 60. In each case we lose the same 
percentage and the same amount of power and the same percentage of 
voltage ; thus, with a voltage of, say, 440 at the generator, and a 10 per 
cent, drop and a cable '41 square inch area, we have a loss of 10 per cent, 
of the power at the motor. If we increase the voltage to 660 at the gene- 
rator and allow a drop of 10 per cent, we can reduce the amperes in 
similar ratio— that is to say, from 186 in the first instance to 124 in the 
second instance — and we therefore only require a cable two-thirds the 
original size ; but by increasing the drop in voltage from 40 to 60 we are 
able to increase the current density per square inch in similar ratio, and 
therefore we can reduce the cable again. The result is that the sectional 
area of the cable is -42 x § x § = '42 x f = '19, approximately. The 
current density is increased because we have 1 24 amperes in a sectional 

area of *iq, then as ^-^ : >-^, here we have a cunent density of 6«:2, 
^ 100 652 / J » 

which is quite high enough. 

N 
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CHAPTER IX 

ELECTRICITY APPLIED TO PUMPING AND HAUUNG 

Electric Pumping Plants, Various T3rpes — Electric Sinking-pumps and Centrifugal 
Pumps — Electric Haulage: Single-rope, Main and Tail Rope, Endless-rope — 
Electric Locomotives. 

Electric Pumping Plants.— One of the most important uses to 
which electricity can be put at a mine is that of pumping ; and the great 
number of electrical pumping plants that are at present in operation gives 
ample proof of its reliability and adaptability for the work. 

The most economical pumping arrangement for a mine, viewed from a 
fuel-consumption standpoint, is that in which a high-class Cornish engine, 
or a compound or a triple-expansion condensing engine, is fixed at the 
shaft top and actuates the pumps in the shaft by means of rods; such 
plants, however, are best suited for dealing with large volumes of water, in 
which case a separate shaft could be apportioned to them. 

The extra losses in pumps worked by rotary electric motors arise 
from — 

1. Conversion of mechanical power of the steam-engine into electrical 
power of the dynamo. 

2. Transmission of electric current from dynamo to motor. 

3. Conversion of electric power of motor into mechanical power on 
motor shaft. 

4. Intermediate gearing between motor shaft and pump crank shaft. 
Although the electric pump may be more costly than the steam-engine 

on the surface and pumps in the shaft, it has decided advantages over other 
forms of underground pump, such as steam, compressed-air, and wire-rope 
driven. 

Types of Electric Pump. — The most common type of pump to 
which the electric motor is applied is the three-throw ram pump, in which 
there are three working barrels and three rams, the latter being worked by 
a shaft with three cranks set at angles of 120° with each other. Each 
ram and barrel thus constitute a separate single-acting pump (the barrels 
being open at the front end), with separate suction and delivery valves. 

By this arrangement of three working barrels it will be seen that the 
work on the crank shaft of the pump is equalised, and a uniform current of 
water is deli vexed to the pipes. 
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Double-ram pumps are used, but are not so good as three-throw. 
An important feature with regard to mining pumps is to have perfect 
interchangeabiUty, and Messrs. Ernest Scott & Mountain, who have had a 




very long experience in electric mining work, have designed special pumps 
with this end in view. The pump barrets are independent and inter- 
changeable, also the valves and connecting pipes, so that, in the event 
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of a breakdown of any part of the pump, the remaining rams could con- 
tinue working if necessary. 

Speed of Pumps, — The speed at which pumps can work is limited, 
owing to the fact that water is incompressible and inelastic ; they differ in 
this respect from air compressors, which rise in efficiency as the speed 
increases. A usual piston speed for three-throw pumps is 60 lo 80 feet per 
minute, but it may go up to i zo feet a minute for a short period. This low 
speed necessitates the use of a high ratio of reduction between the motor 
shaft and the pump crank shaft. 
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This reduction in speed may be got in several ways : 

1. By means of spur-gearing only. 

2. By a worm and worm-wheel (fig. 120). 

3. By spur gearing and belt, or ropes (fig- 121). 

The method used depends to a certain extent on the circumstances. 
If the space available were limited the reduction might be obtained by 
No. 2 method, as this can be done with a single train of gear, the worm 
on the motor shaft and the worm-wheel on the crank shaft of the pump. 

Wonn-gearing, to be efficient, however, should be run in an oil bath ; 
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and even then the power absorbed is great, owing to the thrust of the 
worm-wheel on the worm, and therefore it is seldom used. 

A spur-gearing only, would be adopted in those situations, where owing 
to the atmospheric conditions, a belt or ropes could not be made to work, 
or where space was limited. Spur-gearing is also to be recommended for 
large powers, and in these cases it may be necessary to have the teeth on 
the wheels shrouded up to the pitch line. Helical teeth are often employed 
in pumps of lai^e size, and the gear wheels are duplicated. The teeth of 
the wheels should be machine-cut, and, for the pinions, wheels made of raw 
hide have been successfully used in some cases. The raw-hide pinion on 
the motor shaft makes but little noise, whilst the clatter of the high-speed 
metal pinion is deafening. 

Riedler Pump. — This well-known pump, made by Messrs. Fraser & 
Chalmers, Erith, is specially suited for electric driving on account of the high 
rotative speed for which it may be designed. Over 1,500 Riedler pumps 
are now in operation, most of them, however, driven by steam or air, as it 
is only recently that they have been adapted to electric driving. 

The pump is the invention of Professor A. Riedler, of Berlin, and its 
principal feature is a device by means of which the valves are closed 
mechanically rather than by the action of water due to the reversal of the 
plunger. At the beginning of the stroke the valve opens automatically, 
and remains open practically the entire stroke. When near the end, it is 
positively closed at the proper moment by the controller. 

This controlling device permits the valve-lift to be high, thus increas- 
ing the effective area of the valve ; it also permits the pump to be driven 
at a high piston speed. The speed of the pumps varies from 150 revolu- 
tions per minute in the smaller sizes to about 80 revolutions in the larger. 

The Standard Riedler pump is of the differential type, with only one 
suction and one delivery valve for what is practically a double-acting pump. 

A pump capable of lifting 700 gallons of water per minute against a 
head of 1,500 feet would have the following dimensions : Diameter of 
large plunger, 9^ inches; do. of small plunger, 6 J inches; stroke, 36 
inches ; revolutions, 80 per minute ; B.H.P. of motor required, 361 ; 
suction pipe, 12 inches diameter ; delivery pipe, 8 inches diameter. 

A notable example of the Riedler pump in Great Britain is a large 
pump installed in 1899 for the Powell-Duffryn Collieries in South Wales. 
This pump has a capacity of 1,000 gallons per minute against a head of 
1,600 feet, and has been running night and day for over three years. 

The increased rotary speed of these pumps as compared with three- 
throw pumps entails of course less reduction gear, the motor being either 
coupled direct or else driving through a belt or gearing with only a single 
reduction in speed. 

Fig. 122 shows a belt-driven Riedler Pump. 
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Riedler Express Pump. — The Riedler pumps already referred to 
are usually not built for heads exceeding 3,000 feet, and in the large sizes 
the speed of 80 revolutions per minute is somewhat \oit for direct coupling 
to the motor. This has led to the introduction of the Riedler Express 
pump, in which the valves are mechanically closed by a buffer attached to 
the plunger. The speed of these pumps varies from 250 revolutions per 
minute in the smaller sizes to 150 in the larger. 

A large number of these plants are working satisfactorily, especially 
on the Continent, and one of the best examples is at the works of the 
Mansfield Copper Company in Germany. This is (he lai^est electrical 
installation in Germany, and consists of four Express pumps each with a 
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capacity of 1,100 gallons per minute against a head of 1,430 feet when 
running at 176 revolutions per minute. The pumps are direct coupled 
to motors, and are of the two-throw type, single acting, with plungers 
9g inches diameter and 13I inches stroke. The pumps are driven by two 
engines, each of 1,300 I.H.P., direct coupled to generators, the total 
I.H.P. of the plant thus being 1,600 l.H.P. 

The ' Gutermuth ' Pump. — The chief feature of this pump is the 
'Gutermuth' Patent Valve.' The valve is of very simple construction, 
being made simply from a sheet of metal ; this may be of the same thick- 
ness throughout, but in large valves for heavy pressures the end of the 
sheet which forms the valve may be thickened. 

' This has recently been introduced by Messrs. Fraset & Chalmers, Eriih. 
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The valve is very similar in construction to the main spring of a watch, 
and is shown in fig. 123. 

The advantages claimed for the valve are that it is instantaneous in 
action, offers a minimum obstruction to the moving Suid, and is noiseless. 

In the case of a two-throw single acting pump, which was built by 
Messrs. Eraser & Chalmers for a colliery in North Wales, the plungers 
are 4^ inches diameter and the combined stroke 6 inches. When running 
at 250 revolutions per minute the capacity of the pump is 150 gallons per 
minute against a head of 900 feet. 




Lenplh Stelion. Cto« S«i.rion 

HicH-pRESsURE Pump pitted with 'Gutermuth' Pump. 



This pump is driven through a raw-hide pinion and spin wheel from a 
60 H.P. motor. The suction and delivery valves are attached to gun- 
metal cones, being merely slipped on to spindles held in position by means 
of clamps, and the cones are inserted into the body of the pump from the 
back, looking towards the crank shaft. In order to get at the valves in 
case of a break-down it is only necessary to unscrew a flange and with- 
draw the cone. 

The simplicity of the valve and the comparative lightness of its con- 
struction should make it very suitable for pumps which are coupled to 
the motor shaft. 

Belt- and Rope-driven Pumps. — Where the conditions are suit- 
able, this is probably the best method for the reciprocating type of mining 
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pumps, the reason being that the belt takes up the shock to a great extent 
when starting the pumps, and is noiseless. 

In the larger sizes a double-belt drive may be employed, with belt 
wheels and gearing at each side of the pump. Ropes are often preferred 
to belts. The belt pulley is always on the motor shaft, driving a large 
wheel on the countershaft, a. pinion on this shaft gearing into a, wheel on 
the crank shaft. 

Size of Pumps Required.— In calculating the work to be done, 
due allowance must be made for the friction in the gearing of the pump, 
for friction of the water in the pipes, and for slip of water owing to the 
valves not working instantaneously. 

Example. — Required, the size of rams and stroke of a three-throw pump capable of 
delivering 500 gallons per minute, with a head of 400 feet, and also the E.H.P. of 
motor to drive the same. 

Allow 15 per cent, for slip and assume a ram -speed of 100 feet a minute, then each 
pump-ram moves 50 feet a minute against the load, and 

Gallons per minute = area (sq. ft. ) of one ram x number of ra 
X effective speed of rams (ft. per minute) x 6*25 x - ^ (slip) ; 
. 7854^ X 3 X so X 6-25 X 85 

df* = '8 sq. ft. ' d ^ '9 ft., say, 11 inches. 

Three 1 1 -inch rams 
Stroke, say, twice diameter of ram = 22 inches. 

Revolutions per minute of crank shaft = « about 28. 

22 ^ 

X 2 

12 

h.p. = - — ^ — y + friction of pumps and motor, say, 50 per cent. 
_ 5,000 (lbs. per minute) x 400 (feet of head) 

— - — — — - — — XI s» 

33,000 

= say, about 100 E.H.P. motor. 

A rough but effective rule is : h.p. of motor = h.p. in water lifted x 2. 
Efficiency of Electric Pumping Plant.— The electric generatiftg 
plant described on page 92 is used to drive pumping plant as follows : 

The cables from the dynamo terminals to the pumping shaft consist of four overhead 
conductors of bare copper wire, each conductor being composed of nineteen strands 
No. II S.W.G. wire. 

The shaft cables to the pumps are each 450 feet in length, and each cable is composed 
of sixty-one wires, No. 13 S.W.G. 

There are two sets of main-shaft pumps, three-throw type, with rams 11 inches 
diameter and 18 inches stroke, driven by separate motors by means of cotton driving 
ropes. 
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This plant was tested at the same time as the generating plant, and the results 
obtained were as follows : 

Speed of pumps, 24 revolutions per minute. 
Average E.H.P. at dynamo terminals, 14a 
Average E.H.P. at motor terminals = 67 + 65 = 132. 
Average B.H.P. at motor pulleys = 6x + 59 « 120. 
Loss in cables, 8 E.H.P. - 57 per cent. 
Water delivered, 980 gallons per minute. 
Horse-power in water lifted, 102. 
Efficuniies : 

h.p. in water lifted ^ 102 _ ^^.^ ,„j, | Efficiency of 

E.r LP. at dynamo terminals 140 \. transmission. 

h.p. in water lifted _ 102 _ i^^. ^ f Efficiency of 

E.fLP. at motor terminals 132 ' \ motors and pump. 

R H.P. at m otor pulley _ 120 _ q, .^^ * f Efficiency of 

E. H.P. at motor terminals 132 ' 1 motors alone. 

h.p. in water lifted 102 q« ^ f Efficiency of 

T^TwVi ^.i— = » 85 per cent. \ / 

B.H.P. at motor pulley 120 I pumps alone. 

This shows a good efficiency for the transmission, motor, and pumping 
plant. 

Electric Sinking-pumps. — Electricity can very conveniently be 
applied to driving Sinking-pumps. The chief advantage is that there is 
no exhaust to deal with, as would be the case if steam pumps were used ; 
also the cable is much lighter and more easily supported than a range of 
steam pipes would be. Great care must be taken, however, to exclude the 
moisture from the inside of the motor and the attachments of the cables. 
Fig. i23Ashows an electric sinking-pump made by Messrs. Easton & Com- 
pany, of Erith.^ This pump has three barrels, each 5I inches diameter, 
arranged for a stroke of 7 inches, and the gearing and motor are of suffi- 
cient power to enable the pump to dehver 5,500 gallons per hour against a 
head of 370 feet. The whole is supported on a strong mild-steel framing. 
The motor is of the enclosed four-pole type and runs at a speed of 950 
revolutions per minute. 

Centrifugal Pumps. — Electric motors are admirably adapted for 
driving centrifugal pumps, as the armature shaft can be coupled direct to 
the pump shaft. These pumps are very portable, and they have the advan- 
tage of being able to deal with dirty and gritty water, which would ruin the 
working barrels of an ordinary pump. For this reason they are very often 
applied to coal-washing plants, where the water needed for washing is 
raised to the top of the washer and used over and over again. 

They are not so efficient as ordinary pumps except for very low lifts as 
there is a great deal of slip, which increases as the height of lift increases ; 
till quite recently they were not often used for heads of more than 50 

' The Sandycroft Foundry Company, near Chester, also make electric sinking- 
pumps of this type. 
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feet, but two or more pumps may be coupled in series with each other, 
and so the total head increased. The low efficiency may be counter- 
balanced in some cases by greater simplicity of working parts, and con- 
sequent saving in upkeep. A great length of suction is unsuitable. Fig. 134 
shows an electric motor coupled to four centrifugal pumps, two being 
coupled in series on each side of the motor. 

Hig:h Lift Centrifugal Pumps.— In order to get over the disability 
of the rotary pump for high lifts ' Multiple Chamber Centrifugal Pumps ' 
have been recently introduced. In these pumps several sets of vanes run 




upon a common shaft but in separate chambers ; the delivery pressure of 
the liquid varying directly as the number of chambers used. The water 
enters the revolving wheel axially, and is discharged tangentially into a 
stationary guide ring of special construction which conveys it to the 
annular chamber in the body of the pump, from which it is discharged 
into the second and subsequent chambers. Centrifugal pumps of this con- 
struction are now being built for headsup to 1,000 feet. A pumpdesigned 
to deliver 1,500 gallons per minute against a head of 480 feet would run 
at a speed of about Sia revolutions per minute. 
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Fig. 124A shows a four stage turbine puinp by Mather & Piatt of 
Manchester. 

Electric Haulage. — Electricity is now widely employed as a means 
of driving the various forms of haulage machinery found in or about the 
mine. The use of slow- and fast-moving band-ropes worked by an engine 
on the surface and carried down the shaft to the haulage drums in the 
mine continues to find very great favour, however, and there are in opera- 
tion haulage plants on this system which are worked at a less cost than 
would be the case if electricity were employed; the workings, however, 
have been laid out specialty with the idea of using wire-rope transmission. 
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The methods of electric haulage may be divided as follows : 

1. Single-rope haulage drums worked by electric uiutor. 

2. Main- and tail-rope drums worked by electric motor. 

3. Endless-rope drums worked by electric motor. 

4. Electric locomotives. 

Single-rope Haulage is applicable when the coal-face is to the dip 01 
the shaft, the empty trains running inbye under the influence of gravity 
and the full train being hauled up the incline by means ofa drum. 
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Such haulage gears may run at a high speed, ten miles per hour being 
attained if the roads are well laid out. 

If a motor of moderate speed were adopted running at, say, 250 revo- 
lutions p>eT minute, it could be coupled to the drum by means of spur- 
gearing with only one reduction. 

The adoption of a slow-speed motor (though more expensive than high- 
speed) is advisable on account of the frequent stoppages required, as the 
windings of the armature are not subjected to so much strain, and so there 
is less liability to damage the insulation. If a high-speed motor is used — 
say, 500 to 700 revolutions a minute — then two reductions of speed may 
be required. 

Fig. 135. 




fi TuoMsoN-IlotisTON SiNGLB-ROFB Hauling Drum. 



Where there is only a single reduction of speed, this cannot always be 
done effectually by means of a belt or rope-gearing, as in the case of a 
heavy load a long and heavy belt would be necessary. But where there 
are two reductions of speed, then a belt is generally preferred for several 
reasons. One is that the elasticity of a belt has a tendency to reduce 
shocks, which is beneficial to all parts of the machinery, and especially to 
the electric motor ; and the Other is that the belt works silently, whereas 
high-speed gearing, where metallic wheels are used, makes a deafening 
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clatter. The noise may be minimised by the use of a raw-hide pinion in 
cases where it is suitable for the amount of work. In some cases the speed 
is reduced by means of a worm and worm-wheel. By this means the 
necessary reduction of speed can be got with one reduction and with a 
silent gearing. The objection to this form of gearing is that from its 
nature there is always a great deal of friction, the worm rubbing upon the 
teeth of the wheel, whereas in properly designed spur-gearing there is no 
rubbing, only a rolling contact. The difference between the two kinds of 
gears is illustrated by the consideration that well-designed spur-wheels may 
be run without any grease on the teeth, and with these teeth quite rough 
to the touch, whereas no mechanic in his senses would start a worm to 
work against the teeth of a wheel that was rough to the touch or without 
lubrication. The difference is similar to that between a carriage on wheels 
and a sledge. A sledge, however, may run upon a smooth surface 
such as ice, and similarly worm-gearing may act satisfactorily if suffi- 
ciently well lubricated, and if the surface in contact is sufficient to prevent 
too heavy pressure at the points of contact so as to drive out the oil 
from between the rubbing surfaces. In no case is worm-gearing as 

Fig. 126. 




economical as spur-gearing, but there may be cases where loss of power 
may be tolerated for the sake of convenience and economy in first cost 
(though it must be borne in mind that economy in first cost at the motor 
must not be purchased by a greater outlay at the generator). Worm gear- 
ing must work in a bath of oil, and the oil should be constantly led away 
to a filter, so that all metallic and other grit may be removed before it is 
returned to the oil bath. 

Fig. 125 shows a British Thomson-Houston electric hauling drum for 
use with a direct-current motor, fitted with a patent friction drum and brake. 
The drum is loose on the shaft and engages with a double-cone friction 
clutch by a small end movement along the shaft. 

The work to be done in hauling a train up an incline is soon calculated. 
Referring to fig. 1 26, it will be seen that if a weight, w, is pulled up an 
incline by a pull, ?, acting parallel to the incline, the distance on the incline 
being called / and the vertical height corresponding to that length being 
called h^ 
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and 



p = 



p X /= w X ^ 
w X i4 

Thus, on an incline rising 10 feet vertical in 100 feet measured on 
the slope, the pull on the rope in pounds for a weight of i ton would be 

100 

To get the total load the friction of the tubs and rope must be added ; 
these vary with the conditions, and can be found experimentally. 

Table showing Strain on Ropb to Balance Dead Weight at Various 

Inclinations. 



Elevation (vertical) in xoo feet 


Corresponding Angle of 
Inclination 


Strain on Rope for a Load of 


(horizontal) 


z ton 


Feec 





Lbs. 


S 


2| 


1 25 


20 


2l| 


452 


40 


843 


! 70 


35 


i»293 


100 


45 


1,587 


150 


56* 


1,872 


175 


6oi 


1,952 



The dead weight to be lifted includes the coal or stone, tubs, and 
rope, and the friction of this may be roughly stated at 5 per cent, for 
a straight road. The friction of the gearing, consisting of twp reduc- 
tions of speed by spur gearing, or of one reduction by belt and one by 
gearing, may be roughly put at 20 per cent. In order to get up speed 
rapidly there must be a considerable margin of power in the motor to 
impart the necessary velocity to all the moving parts, and this should be 
not less than 25 per cent, of the load ; therefore, the power of the motor 
should not be less than 50 per cent, in excess of the maximum pull 
required merely to hold the load stationary on the incline. When we. 
come to deal with crooked roads, and with the main and tail rope and 
endless rope, the friction of the rope is very much increased, and the 
amount of the increase depends to a great extent upon the care with which 
the wheels and rollers to carry the rope are constructed, arranged, and 
lubricated ; and it sometimes happens that the power of the motor required 
to do the work with ease is three or four times as much as would be 
sufficient simply to overcome the weight and friction of the train. Where 
there is a heavy load on a steep incline it is much easier to calculate 
the size of motor necessary, because here the weight is the chief considera- 
tion, and the pull to balance that can be easily calculated ; but in the case 
of a long and crooked road, worked main and tail, with a gradient very 
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slightly against the load, or level, or even in favour of the load, it is often 
difficult to foresee what amount of power will be absoibed in friction ; and 
cases have been known where a 50 h.p. motor was required to haul a load 
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on the roain and tail system at the rate of six miles an hour, tlie road being 
practically level, though undubting in places, but nowhere steeper than 
I in 20, the total weight of train and rope not exceeding zo tons. It 
must be borne in mind that ihe great secret of satisfactory working of 
electric motors for haulage is to have them big enough, as then there is less 
strain and beating. The writers have known cases where, according to a 
liberal calculation, a 25-h.p. motor would be sufficient, and yet in practice 
a aS-hp- motor was barely sufficient, and a 50-h.p. motor was found to 
give the most satisfactory results, the extra power being required to over- 
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come the friction of the rope in passing round curves ; but there cannot be 
the least doubt in the mind of any mechanical engineer that if sufficient 
care had been taken and sufficient expense incurred in the construction, 
arrangement, and lubrication of the rollers and pulleys, the friction might 
have been very greatly reduced ; but in the instance above alluded to the 
result was obtained with such skill and care as an ordinarily good colliery 
engine-wright and manager are capable of giving. 

Main- and Tail-rope System. — With a varying gradient the set 
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must be pulled both inbye and outbye, and consequently two drams are 
required. 

A plan frequently adopted for large installations is to drive by means 
of two motors, either of which in case of a breakdown could work the 
plant with a smaller load on. This method, where space permits, is an 
admirable one. 

A main and tail rope haulage plant, with rope wheel and spur gearing, 
is shown in fig. 127. 

In calculating the power required on this system the heaviest gradient 
on the road is taken, and, in addition to the friction of tubs and main 
rope, the friction of the tail rope must be considered. 

Endless-rope Sjrstem. — This is essentially a slow-ranning con- 
tinuous plant, and it follows that where it is applicable the amount of 
work to be done is much more equally distributed, and consequently the 
motors may be of smaller power. The speed of hauling rope is usually 
about two miles per hour, consequently a high ratio of reduction is 
necessary. 

With spur gearing three reductions are usually required, but by driving 
from the motor with ropes or a belt, one set of spur-wheel and pinion is 
dispensed with. The strain on the motor, however, is much more uniform, 
and there is not the same necessity for a rope-drive as in the case of main 
and tail. Fig. 128 illustrates a type of endless-rope driving gear in which 
the speed is reduced by worm gearing. 

Fig. 1 29 is reduced from a working drawing, and shows a good arrange- 
ment of pumps and hauling drums in one engine-house, by the Sandycroft 
Foundry Company, Chester. 

Polyphase Haulage Plants.— The majority of haulage plants in 
operation are on the continuous-current system, but polyphase (generally 
three-phase) current is also employed. 

At the Park Colliery, Garswood, and the Sandwell Park Colliery, 
near Birmingham, three-phase plants have been erected by the Corlett 
Engineering Company, of Wigan. One feature of the polyphase system 
is that the motors can be taken very near the working face without danger 
from sparking, and used for the secondary haulage between the face and 
the main haulage planes. 

At the Park Colliery the plant consists of a three-phase generator. The 
voltage is 500, and the current 80 amperes in each phase. The periodicity 
is 40 per second, and the speed 400 revolutions per minute. The exciter is 
a small four-pole continuous-current machine, shunt wound for a voltage 
of 75. The motors include one of 35 h.p., working a haulage plant; one 
of 10 h.p., working a pump and haulage alternately : and six of 4 h.p., five 
of which are driving pumps, and one a small hauling dram. 
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The motors are all of the induction type, deriving their motion from 
the revolution of the magnetism of the field poles (these poles themselves 
being stationary). The armature shaft is provided with slip-rings for the 
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purpose of connecting th<; starting resistance. These particular polyphase 
motors will stop with an overload of about 15 per cent. 

Electric Locomotives. — In some European and in many American 
mines electric locomotives are used for haulage. In this country, however, 
the use of electric locomotives underground has been so far confined to a 
few mines. Their chief disadvantage for low roads, or gassy pits, is that the 
cables required are not insulated. The motors take their current from a bare 
overhead wire, and the circuit is completed through the rails. This entails 
a certain amount of sparking, and also involves a risk of electric shock. 



Fic. 130. 




Electric Locomotive. 



The great weight of the locomotive also entails an expensive road, 
with heavy rails and sleepers, as the consequences of the train getting off 
the road might be very serious. 

For long distances, where the roads are crooked and the gradients 
suitable, electric locomotives would possibly be more efficient than wire-rope 
haul^e. The main objection to locomotives in a pit is the uncertainly of 
the gradients and the fact that locomotives are not well adapted for 
gradients steeper than 1 in 50. In America there are many mines worked 
from levels driven in the hillside, and here the locomotive used on the 
surface is run into the mine as the gradients and other conditions allow. 

Continuous current is usually employed, the weight of the locomotive 
being from 2 to 10 tons, the height of the smallest locomotive, excluding 
the trolley, being 32 inches, and that of the heavy locomotive 46 inches, 
a usual speed being from eight to ten miles an hour. Fig. 130 shows an 
Electric Locomotive by the Westinghouse Company. 
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A Baldwin Westinghouse locomotive weighing 15,000 lbs. has a height, 
exclusive of trolley pole, of 36 inches ; length, exclusive of bumper blocks, 
II ft. 5 ins. ; gauge, 30 ins. ; width, 52 ins. ; wheel base, 56 ins. It runs 
at a speed of 6 to 10 miles per hour and exerts a draw-bar pull at full 
running load as follows : 



Level 


2,100 lbs. 


3 per cent, grade . 


. 1,650 lbs. 


I per cent, grade 


1,950 » 


4 »» >i • 


. 1,500 »' 


2 n >» 


1,800 „ 


5 >» JI • 


. 1,350 „ 
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CHAPTER X 

ELECTRICITY APPLIED TO COAL-CUTTING 

Pick Machines— Revolving-bar Machines— Disc Machines — Chain Machines. 

One of the most important applications of electricity to mining work, 
and one in which there is great room for development, is the driving of 
machinery for under-cutting coal to supersede the ordinary method of 
* holing ' by hand. 

The advantages of machine-holing as compared with hand-holing may 
be summarised briefly as follows : 

(i) A greater proportion of round coal, owing to the reduction of the 
width of the holing, and owing to the greater distance the coal is under-cut. 
With a machine-cut the width of the holing will be uniform from 4 inches 
upwards, but with hand-holing the width will vary with the depth of the 
under-cut, because it is necessary for the workman to cut away sufficient 
coal to enable him to get underneath it, so that the width will vary from 
about 2 1 inches at the front down to nothing at the back. 

(2) The rate of advance of the face can be greatly accelerated. This 
is an important consideration in seams with a tender roof, and exposes the 
workman to less risk. 

(3) The machine-holing produces a straight line of cut, and this 
induces a straight line of fracture in the roof, and in this way a more 
systematic arrangement of timbering can be used than when hand-holing 
is practised. 

(4) The coal is ver}- easily and safely spragged . 

(5) The cost of working is greatly reduced (where conditions are 
favourable to its use), and, owing to the greater output, the quantity of 
coal raised per man is much greater, and in many cases the wages earned 
are higher, than when holing by hand. 

(6) The increased rapidity with which the face is advanced enables a 
large tonnage to be got from a shorter length of face, and so reduces the 
length of roads to be kept open. 

In the year 1900 the Home Secretary was furnished by the inspectors of 
each district with a return of the proportion of coal-cutting machines in use, 
and from the inspector's reports the table on page 199 has been compiled. 



ELECTRIC COAL-CUTTERS 



199 



Number of Coal-cutters in Use in the United Kingdom in the Year 1900. 



Dbtrict 



No. of Coal-cutters 



Compressed Air 



Electric 



South -Western 

East Scotland . 

North and East Lancashire 



Newcastle 
Yorkshire 
South Wales . 
South StafTordshire 
Midland . 
Liverpool 
West Scotland . 
Durham . 
North Staffordshire 



2 
9 

67 
10 

43 

44 
12 

10 

6 



12 



1 

8 



16 

6 
28 

2 

5 
3 



Tons of Coal Wrought ' 



10,000 

297,290 

86,000 

150,000 

1,046,941 

Not stated 

40,707 

645,685 

500,000 

232.500 
192,504 

43,880 



From this table it will be seen that on January i, 1901, there was a 
total of 316 coal-cutters in operation, which had mined over three and 
a quarter million tons in the year 1900, or i| per cent, of the total output 
for the United Kingdom. The number in use at the end of 1901, as 
given in Dr. Foster's report, was 345. In America the value of the coal- 
cutter has been more fully recognised, and it is estimated that there were 
in use, in twenty-two States, in 1900, 3,907 machines, mining 19*6 per 
cent, of the total output of the country, both anthracite and bituminous. 

As the thicker seams in this country are exhausted, the use of the coal- 
cutter will undoubtedly very largely increase, as it affords an opportunity of 
working at a low cost, seams impossible to work at a profit by hand-holing. 

The motive power for coal-cutting machines is limited to electricity and 
compressed air, as will be seen from the above table, and compressed air 
has been up till quite recently the chief means of transmitting power from 
the surface to the face. As in drilling, however, so in coal-cutting, the great 
loss with compressed air arises from leakages in the pipes, which prove very 
expensive. A great deal of time, also, is taken in laying the pipes and in 
coupling to the machine. With electricity the cables are easily laid along 
the gates and the coal face, a greater speed of cutting can be attained, and 
when the machine is not working no power is being consumed. 

Electric coal-cutters can be divided into the following classes : 

(i) Pick machines, in which the coal is chipped away in a similar 
manner to that employed by the miner. 

(2) Revolving-bar machines, in which a number of teeth are fixed on 
the circumference of a rapidly revolving bar. 

(3) Disc machines, in which teeth are fixed on the circumference of a 
horizontal wheel. 

(4) Chain machines, in which the cutters are fixed on an endless chain. 
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(i) Electric Pick Machines.— Although there are several success- 
ful compressed-air pick machines, amongst others the Yoch, Irgersoll- 
Seiyeant, Siskol, &c., there has so far been very little development in the 
electrical pick machines, there being only one at present on the market. 

The Morgan-Gardner Electric Pick Machine.— This ma- 
chine, shown in fig. 131, has a reciprocating piston actuated by a spring 
Fig. 131. 
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Morcan-Gardnbr Machine, Mounted on Hic.h Wheels for Shearim:. 

and cam, the spring striking the blow and the cam drawing the piston 
back. The cam is driven by an electric motor. 

The stroke of the piston is 8 inches, and it runs from 175 to 225 strokes 
per minute. The length of the machine is 7 feet ; the width over the 
wheels is 21 inches, the weight being 750 lbs. 

This class of coal-cutter is popular in America, and is, of course, par- 
ticularly adapted to pillar and stall working. The method of working is 
to place the machine on a board about 6 feet long and 3 feet wide, which 
is raised at the back so as to give the board an inclination of 4 or 5 inches 
to the yard towards the face. The machine man sits behind the coal- 
cutter, with a hand on each handle, and the recoil is taken up by the 
inclination of the board, and by a leather buffer and air cushion at the 
back end of the cylinder. The speed of undtr-cutling is estimated at from 
four to six times that attained by hand. The pick machine makes less 
slack than ordinary hand- holing. 
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Fig. 132 shows a section of the coal-face, with the comparative height 
of hand-holing, and that of the pick machine,' from which it will be seen 
that the latter makes 30 per cent, less slack than hand-holing. The chief 
advantage of the machine seems to be that it is light and easily moved. 

(2) Revolving-bar Machines. — The most successful type of this 
machine is the Hurd Coal-cutter,^ manufactured by Messrs. Mavor & 
Coulson, of Glasgow, and by Messrs. Cowlishaw, Walker, & Co., Etrurui, 
Staffordshire. 

The Hurd Coal-cutter.— This machine consists essentially of five 
parts: (i) Cutter-bar, (2) gear-head, (3) motor, (4) switch-box, (5) hauling 
gear. The cutter-bar is made of mild steel, and is tapered towards the 
end ; it has a spiral thread, and conical holes to receive the cutters are 
drilled on the thread and also between the threads. By fixing the cutters 
on the thread a greater width of holing can be got; if a less width of 
holing is wanted, the cutters are fixed between the threads. 

Fk;. 132. 



9 o* 



Hand 
J Machine 



"-•-••- •** " 5.0 """• '> 

The arrangement of gearing will be seen in figs. 133 and 133 a. The 
motor shaft, which has a bevel wheel, a, on the end, projects into the gear- 
case and drives the upper bevel wheel, ^, on the vertical shaft, the reduction 
in speed being 2 to i . The lower bevel wheel, r, on the same shaft engages 
with a pinion, d, which drives the bar. A reciprocating motion is given to 
the bar by means of a worm, 7tf (see fig. 134), on the boss of the bar-driving 
pinion, gearing into two small wheels, e and/ each of which drives a toggle 
by means of an eccentric pin. The toggles impart a to-and-fro movement 
of about 2 inches to the thrust-block, gy which is communicated to the 
cutter- bar, there being a feather on the latter which enables it to pass to 
and fro within its driving pinion. The rack, A (fig. 133A), on the lower 
part of the gear-case, in conjunction with a pinion not shown in the illus- 
tration, enables the lower part of the gear-head with the cutter-bar to be 
revolved in a horizontal plane round the vertical axis ; by this means the 
machine can be made to cut its way into the coal at starting, and also the 
cutter-bar can be brought out for the purpose of renewing the cutters. 

The complete machine is shown in fig. 135, and it will be seen that 

* * Coal-cutting by Machinery,* by Mr. W. Blakemore ; 7'ranscutions Inst. Mining 
Engiiuersy xi. 179. 

- Known by the trade name of * Pickquick.' 
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Fins. 133 anti 133A, 




the bar can also be revolved in a vertical plane by means of a worm 
and worm-wheel. The haulasie gear is worked by a worm fixed at the 
end of the armature shaft, and is of the usual pawl and ratchet-wheel type. 
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The electric motor may be either continuous- or alternating-current, 
but the majority of the machines at work are on the continuous-current 
system. They were formerly made series-wound, but a compound wind- 
ing is now preferred. The machines are made in three standard sizes, as 
follows : 



Small 



Extreme length 

„ width 

,, height above rail 
Weight of machine 

,, „ bar 

Depth of undercut . 

Power of motor 
I'ressure or voltage 

Gauge of rails 

Weight of rails 



I 

{ 

I 



6 ft. 6 in. 

2 ft 6 in. 

1 ft. I in. 

19 cwt. 

i| cwt. 

2 ft. 6 in. to )^ 

3 ft. 6 in. J 
12 B.H.P. 

400 volts 
I ft. 6 in. to 

2 ft. 3 in. 
22 lbs. per yd. 



Medium 



Large 



9 ft. 3 in. 
2 ft. 8 in. 

1 ft. 4 in. 
30 cwt. 
2^ cwt. 

3 ft. to 4 ft. 6 in. 

18B.H.P. 
400 volts 
I ft. 9 in. to \ 

2 ft. 4 in. J 
25 lbs. per yd. 



9 ft. 6 in. 
2 ft. 8 in. 
I ft. 10 in. 

45 cwt. 

3 cwt. 

4 ft. to 6 ft. 

26 B.H.P. 
400 volts 

2 ft. to 2 ft. 4 in. 

28 lbs. per yd. 



The speed of the bar is from 400 to 500 revolutions per minute, which 
necessitates only one reduction in gearing, and consequently absorbs less 
power in driving than a machine requiring a double reduction. One 
great advantage is that the coal, after being under-cut, can be spragged close 
up to the bar and within a few inches of the solid coal ; while with the 
disc machine the sprags are necessarily as far off as the diameter of the 
wheel. The bar, also, is more readily recovered in case of a fall of coal. 

At the Ackton Hall Colliery, Hurd machines are working very success- 
fully in a seam of moderate thickness. On the occasion of a recent visit 
the machine was cutting 5 feet 8 inches under, the width of cut being 
6 inches at the front and 5 inches at the back. A three-phase alternating- 
current motor of ample size drove the bar, and there was no difficulty in 
starting the machine. The rate of advance, as noted at the time, was i foot 
a minute, but according to the operator the usual speed of cutting was 
I yard in 2^ minutes, while in a run of 6i hours, allowing for stoppages and 
laying rails, &c., 60 yards had been cut. The time taken to change the 
teeth (39 in all) was from thirty to forty minutes. 

Since this machine was made the manufacturers of the Hurd coal- 
cutters have made several three-phase machines, which are operating with 
great success. A squirrel-cage rotor is used and an auto-transformer is 
employed for starting. There is no difficulty in starting a bar coal-cutter 
with a three-phase current, since the starting torque required for these 
machines is not very great, the surface in contact with and liable to be 
jammed by the coal being very small. One of these machines at a colliery 
near Nottingham cuts, on the average, 100 yards 5 feet 6 inches under, in 
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1 2 hours, including preparing the machine for cutting, &c. With three men 
in chaise, the machine can be run at the rate of a yard In two minutes. 
At a Staffordshire colliery ' a machine under-cut to a depth of 




3 feet 6 inches at a rate varying from t^ to ;^ feet a minute, and, counting 
stops, the rate was 34 yards per hour, 

' Trail jactitiis lust. Mining Eiigiiicers, .\vi. 449. 
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Modifications of the Bar Machine.— There have been many 
different types of bar coal-cutter, which have met with varying success. 
A machine recently described, called the * Lee Coal-cutter,* * has one or 
two novel features. The ordinary form of haulage gear, consisting of a wire 
rope attached to the machine and carried round a pulley some distance in 
advance, is dispensed with, and in its place one of the rails on which the 
machine runs is notched like a rack, and the machine propels itself by 
means of two toothed wheels meshing with the rack bar. With this 
arrangement a straight face is not absolutely necessary. The cutters, also, 
instead of being held in holes drilled in the bar— which of necessity must 
weaken it — are carried on a spiral of tool steel, which can be slipped off the 
bar when the teeth are dull or worn out. The machine is said to have 
done good work at the Mystic Mine, Iowa, U.S.A., where twelve are at 
work under-cutting 2 feet 6 inches under in a seam 2 feet 6 inches thick. 

Heppell and Patterson Coal-cutter.— This machine, which is 
also of the bar type, differs in important details from those already men- 
tioned. The cutters are fixed in three dovetailed grooves in the cutter- 
bar ; they are kept in position and at the right distance apart by strips of 
metal, so that they can be arranged in any way desired. The dibris from 
the cutter-bar is also brought out by means of a small endless-chain con- 
veyor which works at the side of the bar, thus getting over one of the diffi- 
culties urged against the bar-cutter. 

Jeffrey Bar Machine. — In this coal-cutter the bar, instead of working 
at right angles to the face, works parallel to it. It is driven from an 
electric motor by a chain belt and sprocket-wheel, and is carried on a 
frame which is gradually advanced into the coal as it is cut away by the 
bar. This machine is not largely used, having been superseded by the 
Electric Chain Machine (see page 215). 

(3) Disc Machines. — This is the most popular type of machine in 
this country, and there are many varieties successfully working. 

Clarke and Steavenson's Electric Coal-cutter.— This machine 
(fig. 136) consists of a continuous-current series- wound motor, on the 
armature shaft of which is a bevel pinion with 16 teeth, which gears into a 
bevel wheel on an intermediate shaft with 40 teeth. A spur wheel on this 
intermediate shaft with 13 teeth gears into another spur wheel on the 
driving shaft with 39 teeth, and at the end of this shaft a wheel with 18 
teeth gears directly into the cutting-wheel, which has 125 teeth. 

The advance of the machine is obtained automatically in the usual 
manner. A crank on the first-motion shaft is connected by a rod to a pawl 
or ratchet working on a toothed wheel ; the throw of the crank can be 
varied so as to make the ratchet engage more or fewer teeth on the wheel. 

* * An American Longwall Mining Machine,' by H. Foster Bain; Transactions 
Inst, Mining Engineers^ xix. 144. 
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On the same shaft as the ratchet-wheel is a small pinion which drives a 
winch, and a steel- wire rope is taken from this round a pulley some 50 or 
60 yards in advance and back to the machine. The cutting-wheel makes 
about 30 revolutions per minute, but, the motor being series-wound, the 
speed of course varies with the load. There are 20 cutters, 10 straight and 
10 V-shaped, arranged alternately, and the width of cut is 4 inches. 

The motor is enclosed in a gas-tight case, and is of 30 h.p. — the makers 
having found that the secret of success in coal-cutting lies in having a 
motor of ample size for the work to be done — the h.p. necessary to drive 
the machine in average ground being about 20. The motor is provided 
with a starting switch, and a resistance to regulate the current at starting. 
The machine is made in three sizes — No. i, standard type, height from 
floor, 28 inches; No. 2, medium type, height from floor, 22 inches ; No. 3, 
low type, height from floor, 20 inches. Three sizes of wheel have also 
been^ made — a 4-foot wheel, under-cutting 3 feet 6 inches ; a 5-foot 
wheel, under-cutting 4 feet 6 inches; and a 6-foot wheel, under-cutting 
5 feet 4 inches. The weight of the machine varies from 35 cwt. to 2 tons. 

In a recent visit to Lidgett Colliery, near Barnsley, where several of 
these machines have been at work for some years past, the following notes 
were made, which will be of interest as showing what is actually being 
done by coal-cutters. The seam worked is of the following section : 

Good house coal . . .2 feet 
Holing dirt . . 4 to 6 inches 

Inferior coal . . .9 inches 

The cut is made in the holing dirt, and the collier gets up the bottom 
coal, part of which is sent out for consumption at the colliery and the rest 
is thrown into the goaf. Two electric machines are at work, and these are 
both cutting at night, but only one during the day. The cutter-wheel is 
4 feet diameter, with a 3-foot 6-inch under- cut. Two men operate the 
machine. The machines work on a face of 900 yards, gates are 22 yards 
apart, with cross-gates every 50 or 60 yards. One collier and a boy work 
in each stall. The whole length of 900 yards of face is cut in a week, and 
the machine is taken along the cross-gate and starts again at the beginning 
of the face. The cables supplying the coal-cutters are brought along the 
cross-gate and up every other gate to the face. Switches are fixed at each 
of these gate ends. The cables used are separate cables— not concentric. 

The actual speed of cutting when the machine was seen at work was 
4 yards in 5 minutes. It was stated that in a shift of 8 hours 80 yards 
has been cut ; deducting snap time, &c., the actual time spent in cutting 
would be about 6^ hours. 

In 1904 Messrs. Clarke, Steavenson & Co. designed an improved type 
of coal-cutter, the essential feature of which is the adoption of machine- 
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cut worm-gear running in an oil bath to replace the spur gearing originally 
used. The makers state that this has had the effect of reducing the 
working current and results in practically silent running. The machine is 
illustrated in fig. 137. The question of silent running is of course of the 
highest imporWnce in coal cutting. Mr. R. S. Williamson sUted before 
the Electricity in Mines Committee that he had found worm-driven coal 
cutters a great success in this respect. 




Clarke's Pate>t 1904 Tvpk Worm-hear Electricai. Coal-Cutting Machine. 

Diamond Coal-cutting: Machine. — This is another successful disc 
machine, very similar to that last described — that is to say, on the lines of 
the original GiUott and Copley machine. The design is lai^ely due to 
Mr. W, E. (Jarforth, of the West Riding Collieries, Normanton, who has a 
very large experience of coal-cutting. He was the first to advocate a deeper 
under-cut, which has been the means of largely reducing the number of 
shots required to blow down the coal ; besides which, of course, a smaller 
number of cuts is required for a given advance of face, so lessening the 
labour in timber-setting, &c. 

The machine is illustrated in fig. 138. It will be seen that there are 
two motors, one on each side of the cutting wheel ; this, of course, increases 
the length of the machine somewhat, but that is immaterial in a long-wall 
face. The advantages of having two motors are— first, that the balance of 
the wheel is improved; and, secondly, that, owing to these motors being 
smaller than if only one were employed, the diameter of the armature is 
less, and a lower build of coal-cutter is obtained for very thin seams. The 
motors are from 10 to 12 h.p., and run at a speed of 750 revolutions per 
minute. When the voltage is below 200, the motors are connected in 
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parallel, but above that voltage they are connected in series with each other. 
The motors are series-wound and started with resistances in series. 

Another admirable Feature of the machine is the patent cutter-box (see 
fig- 139)- The cutter wheel has lugs on its circumference on to which the 
cutter-box fits ; each box holds three teeth, and the number of boxes on 
the wheel varies with the size, the s-foot 6-inch wheel having ten boxes, 
and the 7-foot 6-inch having fifteen. 

These cutter-boxes greatly expedite the operation of changing the teeth, 
and in thin seams, should it be required 10 cut both ways, this is done by 
simply reversing the motor and turning the boxes the other way round. 



Fia. 139. 




Diamond Coal-cuttkr ; Cutter- 



The speed of the cutting-wheel is from 10 to 15 revolutions per minute. 
The standard machine is made to hole to a depth of 5 feet 6 inches, and 
a width of 6 inches, the gross weight being 40 cwt., the weight without 
cutler-wheel and bracket being 30 cwt. The length of frame over all is 
8 feet 6 inches ; width, 3 feet 4 inches ; and height from floor, 25 inches. 

The smallest machine built so far has a height from the floor of 
18^ inches. 

Fig. 140 shows an arrangement whereby the coal-cutter can be made to 
cut its way into the face when starting a cut. 

At the Middleton Colliery,' near Leeds, two Diamond machines are 
employed in the Crow Coal, a seam which has only recently been opened 
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out. The seam lies at a depth of 226 yards from the surface, and the 
section is as follows : 



Roof 
Coal 

Holing dirt 
Johnny coal 



Blue Bind 

I foot 6 inches 

9 inches to 18 inches, very hard 

6 inches 



The coal is very tender, which necessitates it being got on the * end,' 
the ' bord ' faces which are necessary to open out are got by hand-holing, 
and the dirt is so hard that the holing has to be done in the coal, the yield 
from a ' bord ' face being consequently practically all small coal. 

The standard machine is used, with an under-cut of 5 feet 6 inches ; 
voltage 300, continuous-current ; the length of face on which each machine 
works being 260 yards, with gate roads every 40 yards. The main cable 




Diamond Coal-cutter : * Cutting-in * Arrangement. 



goes down the gate at the centre of the face, and the feeder to the machine 
is taken from it to the right or left, as required. The cables employed are 
armoured, but the armouring does not constitute the return. The machine 
is flitted, not made to cut back, the objection to the latter method being that 
the haulage-rope has to be carried over the motors and it is found incon- 
venient. The rate of advance is 50 lineal yards in a shift of about 8 hours. 
The Diamond machine is also made to work with three-phase motors. 
A wound rotor with slip rings is used, as it has not been found possible to 
obtain the large starting torque required with a disc machine with any 
reasonable amount of current with a squirrel-cage rotor. The same firm 
are now making coal-cutters to go on runners like a sledge, instead of 
using rails. This saves much labour in rail-laying, and the machine is 
kept up to its work by a long trailing bar behind it on the side away from 
the face, which bears against the timbering behind, and so prevents the 
wheel from coming out of the cut. This machine has made remarkable 
performances in the way of fast cutting. In the presence of representatives 

p 2 
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from several collieries it cut 200 yards in a 4-foot seam to a depth of 
5 feet 6 inches in 5I hours. The holing was done in inferior coal inter- 
spersed with pyrites. This is probably a record for longwall coal-cutting. 

The table given below is taken from a valuable paper on coal-cutting 
machines by Mr. W. E. Ciarforth,^ and furnishes details of the performance 
of Diamond coal-cutters in three different seams. 

Performance of Diamond Coal-cutters. 



Cask A 



CaseH 



Section of seam — 

Roof : filue bind 

Seam : Coal . 

Inferior coal and dirt 

Thill : Spavin . 
Depth below surface 
Inclination of seam 
Method of %^ orking 



Depth undercut by machine . 
Thickness of cut .... 
Average distance over one month cut by 

machine per eight-hours' shift . 
Number of men employed with machine 
Average weight over one month got per 

man per shift .... 
Weight of coal in tubs . 
Average number of tubs filled per man 

per shift 

Average wages over one month earned 

per shift : stallmen . 
Average wages over one month earned 

per shift : fillers 
Conditions of work 



2 ft. 10 in. 
9 in. 

390 ft- 
I in 16 

Longwall 

and packed 

gateways 

5 J ft. 
Sjin. 

180 ft. 
3 

170 cwt. 
5 cwt. 

34 
lOS. $d, 

7s, 3^. 



4 ft. 
15 in- 

960 ft. 
Level 



Case C 



3 ft- 3 in. 
9 in. 

1,500 ft. 
Level 



End-on longwall and 
packed gateways 



sift- 

5 to 6 in. 

226^ ft. 
3 

iiif cwt. 
8i cwt. 

13 

9j. lojrf. 

8j. 



Sift. 

5 to 6 in. 

129 ft. 
3 

130^ cwt. 
Si cwt. 

16 

10;. glef, 

7s. Sd. 



Special men drive and clean up small 

coal and dirt after the machine . 
Thickness of dirt taken up for packing 
Diameter of props . 
Width between props 

Dimensions of chocks 
Width lietween chocks 

Thickness of ripping 
Width of ripping . 
Getting price : hand-holing 

,, machine-holing 



Stallmen do timbering, filling, packing, 
making height, &c. 



Paid datal wages 



4 m. 

3iin- 

4 ft. 
[Chocks are' 
J used where 
( required , 

24 in. 

5 ft. 

I J. 11^. 
IS. 



15 in. 




7 m. 


6 in. 




5 in. 


4 ft. 




4 ft. 


5x5x i9in. 


6 


X 6 X 1 5 in 


24 ft. 




24 ft. 


36 in. 




28 in. 


7 ft. 




7 ft. 


I J. 9^. 




— 


IS. 




ii</. 



The Jeffrey Longwall Coal-cutting Machine.— This is an 

American machine of the disc type. It differs in one or two points from 
those already described, and will be seen in fig. 141. The parts of the 
machine are balanced (the motor balancing the wheel), so that it is possible 
to use only one rail, the side thrust being taken by sleepers held in 
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position by screw-jacks fixed against the roof. The cutter-wheel may 
be tilted up or down by means of a hand-wheel, and by this means 
inequalities in the floor can be successfully cut over. 

The gearing is similar to that already described, but is enclosed in a 
casing so that it can run in oil — a great advantage where it can be apphed, 
as it makes the machine much quieter in action. The machine is driven 
by one shunt-wound motor of 15 h.p. It is a question whether the shunt- 
wound machine is as suitable for this purpose as the series-wound, as it 
will not start against so heavy a load, and consequently there might be a 
little trouble in starting the machine if stopped during a cut. The cutter 
has from 20 to 25 teeth, and makes 40 to 45 revolutions per minute. The 
haubge-drum is provided with a friction -clutch, which in case of l-\c 

Ftc. 141. 




strain, slips and eases the machine. The rate of advance is, of course, 
variable and can be varied trom 8 inches to 24 inches per minute. 

This machine is in use at a Yorkshire colliery, and was inspected by 
the writer a short time ago. 

The seam is 180 yards from the surface, and about 3 feet thick. The 
coal-cutter is at present about two miles from the pit bottom, the voltage 
at the generator on the surface being 500, and about 450 at the motor. 
The amount of current taken by the machine is 30 to 40 amperes normally, 
but in cutting through ' brasses ' and stone, which are met with frequently, 
the current goes up to 70 and 80 amperes. The cut is 5 fett ft inches 
deep by 6 inches high. Three men are at the cutter, and one man goes in 
front of the cutter and behind the fillers, timbering and dressing (he face 
down for the cutter. The average cut per shift is 40 yards, but the machine 
is actually running only about half the shift, the rest of the time being 
spent in timbering, laying rails, &c. The face is 500 yards long, and the 
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cutter works three shifts, filling being done on two shifts. The gates are 
22 yards apart, and there is one filler at each side of each gate. The handle 
used to tilt the wheel is constantly in use. The cables in the roads are mostly 
concentric with the return conductor uninsulated ; but the cable in the face, 
which is dragged after the cutter, is a twin cable wound round with tar band. 

(4) Chain Machines. — This class of coal-cutter has found great 
favour in America, where disc machines are comparatively rare. It is only 
fair to say, however, that the first chain machines were designed in this 
country about thirty-five years ago. 

Jeffrey Chain Coal-cutter.— -This machine is designed specially for 
pillar and stall or ' room ' working, and is used in this country for heading 
work. It consists (see fig. 142) of a stationary frame inside which slides 
the cutter-frame, to the rear end of which is attached the electric motor. 
The motor drives, by means of spur- and bevel-gearing, a sprocket-wheel 
which works the chain, on to which straight teeth are fastened, the teeth 
being set like those of a saw. On the under side of the stationary frame 
will be seen a rack, and there is a similar rack on the other side ; this is 
the feed-rack ; the spur-wheels which engage in the rack are driven by 
means of the worm-gearing shown in the figure. 

Screw-jacks are provided at both ends of the stationary frame. In 
starting a cut, the front and back jacks are screwed firmly against the face 
and roof ; the motor is then switched on, and this causes the chain-cutter to 
revolve in its frame, and the teeth on the front end of the chain, being in 
contact with the face, cut into the coal ; at the same time the feed-gear 
worked by the worms advances the motor and the frame in which the 
cutter-chain revolves into the coal, the cut thus getting deeper and deeper. 
At the end of the cut the gearing is reversed and the sliding frame travels 
quickly back along the stationary frame in readiness for the next cut. The 
machine is then moved laterally across the face, a distance equal to the 
width of the cut, and another cut is made, and so on. 

A trolley is provided on which the machine can be transported from 
place to place, and, if necessary, the electric motor can be made to work 
the trolley, thus dispensing with a horse. The electric motor is of 18 h.p., 
shunt wound, the average horse-power required being about 12. The 
machines are built to cut 5 feet, 6 feet, and 7 feet, the width of cut being 
39 inches or 44 inches, and the depth of cut 4 inches. The length 
required in which to work the machine is about 6 feet longer than the 
distance under-cut, which of course makes its use in most longwall faces 
impracticable. 

On a recent visit to the Stanton Colliery, Burton-on -Trent, this machine 
was seen at work driving a heading in the Stocking Seam, which is 
6 feet in thickness ; only 4 feet 6 inches of coal is taken out in the heading, 
the rest being left as a roof. The machine took a cut of 39 inches in 
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width to a depth of 5 feet 8 inches to 5 feet 10 inches. Owing to the floor 
lifting a little it was found better to make the cut in two operations — i.e, 
to cut in half-way, then reverse and start again at the beginning and cut 
the remaining half. The height of cut was 4 inches. The width of heading 
was 9 feet, which necessitated three cuts. The first cut was made in 
about 6 J minutes ; 10 minutes were occupied in moving the machine ready 
for the second cut, which was made in 6i minutes ; 6 minutes were 
occupied in shifting the machine for the third cut, and 6i minutes were 
spent in cutting. This makes a total of 35 J minutes in under-cutting a 
place 9 feet wide to a depth of 5 feet 8 inches, or about 5 1 square feet, 
and it will be seen that this performance compares very favourably with 
that of any coal-cutting machine. 

Mr. Robert Hay, the certificated manager, informed the writers that he 
had driven a length of 30 yards of coal-heading 9 feet wide in six days. 

At the mines of the Youghiogheny Coal Company, Pennsylvania,^ a 
large number of Jeffrey machines are in operation. The seam is worked 
on a modification of the pillar-and- stall system, with stalls 36 feet wide, 
separated by ribs of coal 6 feet wide. The longwall system cannot be 
adopted, as there is no material available with which to build packs. The 
following table is given by Mr. Gresley : 

Particulars of Results of Electric Coal-cutting Machines. 

Type of Machine and Numbtr in Use^ II ^OQ-voU Chain-cutter Breast Machines. 

Builders of machine, including motors . . Jeffrey Manufacturing Company, 

Ohio. 
Depth of cut made by machine . 69 inches. 

Width of cut made by machine . . 36 inches. 

Height of cut made by machine . . 4 inches. 

Weight of machine ..... 2,800 lbs. 

IJorse- power of motor on machine . .12. 

Area under-cut per run or cut • i? square feet. 

Time occupied in making one cut ■ 4'5 minutes. 

Power consumed when cutting . 15-4 h.p. 

Power consumed when backing out . 2*8 h.p. 

Average number of cuts per shift .30- 

Number of shifts of 9 hours per day . .2. 

Tons (2,000 lbs.) produced per shift per machine . 60. 

Time occupied cutting About 3 hours. 

Time occupied moving machine about, changing bits, 

&c About 6 hours. 

Average number of cuts made in each 2 1 -foot room . 7. 

Number of bits on a chain ..... 45. 

Weight cut per chain used up .... 35,000 tons (2,000 lbs.). 

Production per man by machine per day . 6 tons. 

* * Central Station Electric Coal-mining Plant in Pennsylvania, U.S.A.,' by \V. S. 
Gresley ; Proc» Inst. C.E. Part I. 
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I'roduction per man by pick work . ■ ■ . 4 tons. 

Number of 21 -foot rooms ap[iottianed to each machine 
per double shift , 24. 

Number of men operating machine ■ . ,2. 

Kewer men employed where machines operate or in- 
creased production per miner by use of machines . 33 per cent. 

Less pit room occupied by machines . '33 per Cent. 

Output per machine per year l8,000 tons (2,000 lbs.). 

Cost of blasting and loading up machine-cut coal . One-half pick mining rale. 

Cost of under-culling by machines .... One-eighth pick mining rate. 

Approximate saving by machines, including renewals, 
interest, and depieciatiun I'er z,0CK>-lb. ton, 9 cents ( =4^.]. 

In a recent paper in the 'Transactions of the Institute of Mining 
Engineers,' ' a comparison is instituted between a disc machine and a chain- 
breast machine, and the writer of the paper comes to the conclusion that 
for their particular mine the chain-cutter has decided advantages. The 
mine is worked on the double-stall system, with stalls 5o feet wide and 
30-fool ribs between the stalls, 'i'he roof is of hard sandstone rock, which 
allows of the necessary width in the face for the Jeffrey machine. The 
advantages claimed for the chain machine are that it requires about 30 per 
cent, less power, that it only makes half the noise, that it is impossible for 
it to climb up or down in the coal. There are very few mines, however, 
where it would be considered advisable to have a space of 12 feet between 
the face and the timbering, and this could not be accomplished at the mine 
in question were it not for the ribs of coal left. 

Other Chain Machines.— A similar machine to the Jeffrey is the 
<ioodman Electric Chain-breast Machine (see fig. 143). It differs from 




GoooMAN Electric Chain Heading Machine. 

the Jeffrey in having rollers fixed at the rear end, which materially add to 
the speed with which the machine is shifted across the face. The stationary 

' ' Mechanical Under -cutting in Cape Colony,' by John CoUey ; Trans, /iisl. Mining 
Engineers, xxli. Part I. 
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frame also is of different construction, the cutter-chain being supported 
entirely under the frame, thus enabling a cut to be taken directly at floor 
level. The motor winding is so compounded that it automatically adjusts 
its speed to the amount of work it has to do. It runs at a moderate 
speed with light cutting and slows down with heavy cutting or extremely 
dull bits. 

Longfwall Chain Machines. — Another modification of the chain 
machine is to have a narrow chain working at right angles to the face (as 
shown in fig. 144) similar to the original form of Balrd Coal-cutter, and 
such machines are now being introduced. 




Morgan-Gardner Electric Longwat.l Machine. 

The Diamond Coal Cutter Company are now making a Longwall 
Chain Machine. 

It is similar to their disc machine in having a motor on each side of 
the cutter chain. The standard depth of undercut is 4 feet 6 inches, 
the width of cut being about 4^ inches, and the extreme width of the gib 
under the coal is 18 inches. For a machine cutting at floor level the 
overall height is under 20 inches. 

In very tender or friable seams the coal is liable after holing to break 
away, with the possibility of clogging the ordinary type of disc cutter, and 
in such cases the present machine might be more satisfactory, 

Stanley's Coal-heading; Machine. — This well-known heading 
machine, usually driven by compressed air, can also be driven electrically. 
The double form is shown in fig. 145, This is a 4-foot by 8-foot machine, 
the dimensions over the frame and gearing being 6 feet 3 inches by 5 feet 
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10 inches by 3 feel. Ii is fitted with a 30 h.p. motor, and the total weight 
is about 5^ tons. 

Trailing: Cables and Junction Boxes. — One of the most important 
details connected with the safe working of an electrically driven installation 
of coal-cutters is the connection of the machine to the main supply of 



The usual plan in a longwall face is to have a junction and fuse box 
fi.\ed, say, at every other gate along the face, and a trailing cable to carry 
the current from this box to the machine. 




Stanley's Electric Heai 



Callenders, Limited, make a useful form of Gate End Switch Fuse Box, 
which is shown in tig. 146. 

It consists of two parts ; the main body of the box contains the switch 
fuses, which are controlled by a removable handle in the possession of some 
responsible person. In order to insert new fuses it is first necessary to 
work the switch in the 'off' position, so that it is impossible to renew 
fuses with the terminals ' alive.' 

The ends of the trailing cable are led into a box which fits on to the 
main body of the apparatus by means of a socket, and it will be seen that 
the design is such as to make contact with the plugs some little time after 
the socket has been fitted in, so that in the improbable event of the trailing 
cable being connected up with the switch ' on ' the sparks would be in an 
enclosed chamber. The main body of the box is kept full of resin oil. 

The trailing cable in the case of a bad top should be very well protected 
either with armouring or a strong leather case. In order to avoid damage 
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to the trailing cable Mr. M, H, Habershon ' has established special rules 

at his collieries, which make it an offence for a collier to go into his stall 

Fig. 146. 




.' Gatk End Switch 



for the purpose of filling out &c. until the trailing cable has been taken 
away. 

' Ueparlmenlal Coiumillef — ElKClricity in Mines. 
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CHAPTER XI 

TYPICAL ELECTRIC PLANTS RECENTLY ERECTED 

Continuous-current Plant - Three-phase Plant — Continuous-current and Three-phase 

Side by Side. 

The first plant described — illustrated diagrammatically in figs. 148, 149 — is 
a continuous-current plant recently erected at a large Yorkshire colliery 
under the supervision of one of the authors.^ As will be seen from the 
detailed particulars given, the plant consists of two separate electric 
generators, each driven by a steam-turbine (De l^val). The power of each 
turbine generator is loo kilowatts, or about 133 E.H.P., and the total h.p. 
is therefore 266 E.H.P., equivalent to, say, 300 I. H.P. in the steam-engine. 
The steam-pressure as delivered to the turbines is about 100 lbs. per square 
inch. The exhaust steam from each turbine is condensed by means of a 
jet condenser. The condensation water is taken from the cold-water re- 
servoir adjoining by means of a small centrifugal pump driven by a De I^val 
turbine, which raises the water to a height of about 7 feet above the steam- 
turbine. There is a separate condenser for each engine. A vacuum of 
25 inches is obtained. The plant works with great steadiness and has given 
satisfaction. The full voltage of 550 is not at present always in use, as 500 
volts is sufficient. The higher voltage will be used when the power is taken 
to greater distances from the generator. 

Cables. — From generating station along overhead line and 'down shaft 
to (3) pump, 9i/'095,' insulated with vulcanised india-rubber, taped and 
braided ; carried by leather suspenders from ^-inch straining wire, stretched 
on insulators from pole to pole ; fixed to headgear in clamps similar 
to those used for guide-ropes ; carried down shaft in wooden casing 
carried on buntons 6 feet apart, as shown in fig. 148. The cables are 
laid in the li-inch grooves, and cemented in with bitumastic solution. 
From (T) pump along level to top of incline, 19/14 ; down incline, 19/14 ; 
along level to haulage©, 7/14 ; down dip to pump ©> 7/ 16; down 
shaft to pumps ® and (V), 91/ '©95 ; down engine-plane to (»}, (9), and 
©f Zl hZ'i along level to © and ©, 7/18. 

' Since this description was written another turbine and electric generator have Ijeen 
added, and the waste gases from the coke ovens have been used to generate steam, 
s 91/ '095 e: 91 wires, each '095 inch diameter. 
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Cables down the pit are kept, where possible, at opposite sides of the 
Toad. Where the roof and sides are strong they are fastened to props or 
bars by wooden cleats screwed on to the timber, Where the roof is not so 
good they are hung by tar-band from the bars, and a little slack left between 
adjacent points of support All cables have vulcanised rubber insulation, 
taped and braided. 

Fig. 148. 




Currents taken : 

Q Eighty lamps on surface . 

Q Three-throw pump . 

Q Single-rope haulage . 

Q Three throw pump . 

Q Three-throw pump , 

(J) Three-throw pump (duplicate) 

(V) Main and tail haulage 

Q Three-throw pump . 

Q Three-throw pump (duplicate) 

^jj Centrifugal pump 

Q Centrifugal pump 

Thirty-six lights underground 

Total current liable to be on at 
including duplicate pumps) 



(40) 

6s 
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Further plant in course of erection will utilise the whole of the power 
of the two generating sets. 

Switchboard. — Fig. 149 shows the connection of the switchboard, &c., 
in the generating station. The thick lines represent the cables along which 
the main currents pass, and the thin lines the shunt, voltmeter, and 
equaliser wires. Starting from the positive brush of one generator, the 

Fig. 149. 
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Switchboard of Electric Installation at a Yorkshire Colliery. 



current passes through the series windings, the main switch, the automatic 
overload cut-out, the ammeter, and so to the positive bus-bar. Starting 
from the same point in the opposite direction, the current passes through 
the armature to the negative brush, to the positive brush of the other arma- 
ture, through this armature to the negative brush, the main switch and the 
negative bus-bar. 

The voltmeter is connected through a two-way switch across the 
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terminals of either machine. The middle wire (or equaliser) starts from 
the positive brush, through the equaliser switch, to the equaliser bar. 



Fig. 150. 



Barlow 



Air 
Shaft 

■Motor & Fan 




Electric Pump 
(Underground) 



Power House 



Electric Installation at Lilley Drift, Co. Durham. 
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The shunt- fields are connected from outside the series- winding, through 
the regulating resistance, to the negative terminal. Thc:ie regulating 
resistances must be adjusted until both machines give exactly the ianie 
voltage, so that the readings of the two ammeters are identical, showing 
that each machine is taking its proper share of the load. 

The feeding mains are connected to the bus-bars through the main 
feeder switch. 




3.' 




; Elbctbic Generator. 



Other Switches.— One double-pole switch in generating station for 
surface lighting; two single-pole switches at junction near pump ("7^ 
for cutting off (i~) and (7) ; four single-pole switches at junction of engine 
plane and level for cutting off (7) and (V) ; four single-pole switches near 
pump (^ for cutting off @ and (p, and also (Y), Q, @, (7^, and (^. 

Three-phase Plant— The following is a description of a plant 
recently erected by the Corlett Electrical Engineering Company, Limited, 



226 ELECTRICITY AS APPLIED TO MINING 

at Lilley Drift, Rowland's Gill, belonging to the owners of the Priestman's 
Collieries, Limited, Newcastle -on-Tyne. A sketch plan of the installation 
is shown in fig. 150. 

Eng^es. — Pair of horizontal high-pressure engines having cylinders 
16^ inches diameter by 16 inches stroke, and running at about 150 revolu- 
tions per minute ; steam pressure, 45 lbs. Engines fitted with rope pulley 
between the engines 8 feet diameter, grooved for six ropes ig inch 
diameter. Engines fitted with high-speed governor and suitable lubricatois 
to all journals. 

Generator. — Of the altematecurrent three-phase type (see fig. 151), 
with stationary armature and revolving fields. The armature windings, 
carried in suitable tunnels through the laminated cores, insulated with 
micanite tubes. The field windings consist of twelve poles, all wound and 
carried on centre casting, securely keyed to main shaft, with suitable col- 
lecting rings for conveying exciting current to the fields. Bearings three 
in number, of the self-oiling ring type ; rope-pulley, 37 inches diameter ; 
speed of generator, 400 revolutions ; tension, 550 volts ; output, 140 h.p. 

Exciter. — A four-pole continuous-current shunt- wound machine, 
bolted to main shaft of generator and running at same speed as generator. 

Main Switchboard. — 'l he switchboard shown in fig. 152 is built up 
of wrought steel framework and suitable number of marble panels. 

Generator Panel, fitted with voltmeter and ammeter ; main three- 
pole switch and fuse ; multiple-contact field rheostat. 

Feeder Panels, arrranged for two circuits, each circuit being fitted 
with ammeter, main three-pole switch and fuse— No. i of 60 h.p. for fan 
circuit ; No. 2 of 25 h.p. for extensions. Also with three similar two-pole 
circuits for the primary sides of the transformers. 

The low-tension distribution comprises one similar panel arranged for 
a suitable number of circuits for controlling the various sections of 

lighting. 

All the high-pressure switches are arranged at the back of the board, 
the handles only projecting through the face, so that there is no possibility 
of shock to the attendant. The fuses are of the detachable type, the 
fuse-carrier consisting of a massive porcelain block, and so arranged that it 
can be removed and a new fuse fitted without danger. 

The low-tension distribution panel for the lighting is fitted with switches 
and fuses mounted on the face of the board. 

There are at present two static transformers fitted behind the main 
switchboard for reducing the tension from 550 to 250 volts, each 10 kilo- 
watts capacity. 

Transmission Line to the Fan Station.— This line is about one 

mile long, and is carried as nearly as possible in a straight line from the 
power house to the fan station. The poles are extra-stout creosoted poles, 
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fitted with specially strong oak arms and special high-quality porcelain 
insulators. Six bare wires, each No. 2 S.VV.G., carry the current. 
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Fan. — The fan is of the Capell double-inlet type, 7 feet diameter by 
8 feet wide, and is designed for an output of 140,000 cubic feet of air at 

o 2 



228 ELECTRICITY AS APPLIED TO MINING 

i|-inch water^auge, and running at 275 rerolutions. The fan is fitted 
with four bearings, also of the self-oiling ring type. 

Motor. — The motor is a standard pattern three-phase alternate-current 
induction motor, rated output 60 B.H.P. at 600 revolutions. It is 
fitted with three brass slip-rings and with clutch-gear, so that when the 
motor has attained its normal speed, by throwing over the handle the 
slip-rings are short-circuited and the brushes raised, so that the moving 
part of the motor is only in contact with its two bearings. The power from 
the motor is transmitted to the fan through a double orange tan endless 
belt. As all bearings of both fan and motor are of the self-oiling ring type, 
and as there are no brushes or contacts in use on the motor, the amount of 
attention required by the plant is small, and it is in practice found quite 
safe to arrange for periodical visits and not to keep a permanent attendant. 

Electric Pump. — There is also in the mine a self-contained electric 
pump of the three-throw type, having rams 4 inches diameter by 6 inches 
stroke and running at 450 revolutions per minute. This is driven by a 
5 h.p. motor, the whole mounted on one bedplate and driven by means 
of raw-hide gear. 

Lig^hting^. — The whole of the collier}' machinery in the vicinity of the 
power-house is supplied with incandescent lighting, and also the workshops 
and offices. Further, the residences of the various officials are lighted, 
and, in addition, the schools, chapel, and about fifty workmen's cottages. 

Besides the private lighting above mentioned, the streets of the village 
of Rowlands Gill, extending for about one mile from the power-house, 
are also supplied with incandescent lamps, the wires being carried in a 
similar way to the main transmission line. 

The village of Barlow, which is situated about half a mile beyond the 
fan station, at a distance of about a mile and a half from the power- 
house, is also being fitted with electric lighting in the streets, the power 
being taken from the main fan line, and, as there is no constant attendant 
in the fan station, the lighting of this village will be controlled by an 
automatic electric time switch, which will switch the lights on and off at 
predetermined hours. 

The whole of the plant, which has now been working for some months 
without giving the slightest trouble, was erected by the Corlett Electrical 
Engineering Company, Limited. 

Combined Continuous-current and Three-phase Plant —The 

following is a description of a plant erected under the supervision of one 
of the authors at a large Derbyshire colliery. 

The first plant to be erected was of the continuous-current type, 
intended for electric lighting. A pair of tandem compound horizontal 
engines ; two high-pressure cylinders, diameter 1 1 inches ; two low-pressure 
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cylinders, diameter 20^ inches, stroke 2 feet 10 inches, driving-belt wheel 
12 feet diameter, with leather belt 2 feet wide ; countershaft with belt- 
wheel 3 feet diameter for main belt ; belt-wheels on the countershaft 7 feet 
diameter, driving two Hartnell shunt-wound two-pole generators, on which 
the belt wheels are 14 inches diameter. The average speed of the 
lighting engines is 50 revolutions per minute. The driving pulleys on the 
countershaft are loose on the shaft, but can be thrown into work by a 
brush-and-comb gear. ^ This gear has given satisfactory results, and it can be 
thrown in and out at full speed. The dynamos are each capable of pro- 
ducing 95 amperes at 230 volts and 970 revolutions a minute, and they have 
worked very satisfactorily. There is also a Crompton dynamo, 230 volts, 
100 amperes, 860 revolutions 15-inch pulley, two-pole, shunt- wound. The 
electric cable is taken on poles to the workshops, where arc lights of the 
enclosed type are used, and also glow lamps. All the engine rooms, pit- 
bank screens, sidings, offices, and the pit-bottom, are lighted by this plant. 
The current is also taken to the village, a distance of about half a mile, 
and used for lighting dwelling-houses, shops, and hotel. The cables are 
arranged on the two-w^ire system. 

Three-phase Hauling: Plant— P'or the underground haulage, which 
may eventually be extended to a considerable distance, a new plant has 
been recently erected, consisting of a pair of horizontal tandem compound 
engines, two high-pressure cylinders, 10 inches diameter ; two low-pressure 
cylinders, 16 inches diameter, steam-pressure in engine room about 90 lbs., 
stroke 2 feet 8 inches, driving-wheel 1 2 feet, driving on to wheel of counter- 
shaft 3 feet 6 inches diameter ; dynamo driving-wheel on countershaft 5 feet 
diameter, pulley on dynamo 2 feet i inch diameter. The average number 
of revolutions of the engine is 96 per minute. Three-phase Westinghouse 
ten-pole generator, 136 amperes per phase, 450 volts, 720 revolutions and 60 
periods. The power in watts=i36 x %/ 3 x 450 x (power factor = say 
•85) = 90,000, and the E.H.P, =» 90,000 -^ 746 = 120. The current is 
taken in one three-core cable down the pit, which is suspended in the shaft 
inside an iron pipe to protect it from injury. It is taken to the engine-room 
near the pit bottom, where it is connected to a Westinghouse motor, 420 
volts, 580 revolutions and 60 periods, 136 amperes per phase, watts= 136 x 
>/3 X 420 X (power factor = say -85) = 84,100= 113 E.H.P. On the 
motor shaft is a belt-wheel, 2 feet diameter, driving on to a pulley-wheel 
9 feet 6 inches diameter. A pinion on this shaft, 27 inches diameter, 
gears into a spur wheel on the countershaft 97 inches diameter, the pinion 
on which shaft, 19 inches diameter, gears into a spur wheel on the drum 
shaft 83 inches diameter. The drum is 6 feet diameter, and takes four 
and a half turns of a ^-inch rope. The plant works efficiently and gives 
satisfaction. 

' Makers, CowUshaw, Walker & Co., Etruria, StafYbrdshire* 
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CHAPTER XII 

ELECTRIC LIGHTING BY ARC AND GLOW LAMPS 
Arc Lamps — Electric Glow or Incandescent Lamps. 

We will now consider briefly the relative advantages and disadvantages 
of electric lighting by means of both arc and incandescent lamps and their 
suitability for mining work. 

Arc Lamps. — These consist of cylindrical carbon rods, about \ inch 
diameter in the majority of cases, attached to a mechanism controlled by 
electro- magnets through which the current flows. If the carbon ends 
touch one another and the current is switched on, the electro- magnets, 
then energised, cause the mechanism to separate the carbon rods by a short 
air-gap, which may be anything up to | inch long. In the act of doing 
this a spark is caused which volatilises some of the carbon, forming 
a conducting path for the current to flow across in the short air-gap 
between the ends. The current then intensely heats the carbon vapour 
and tips, so that they emit a powerful light. 

At least 40 volts must be maintained at the carbon tips in order 
to keep the arc glowing, and in practice about 50 volts is allowed at 
the terminals of the lamp, if of the open or ^ inverted^ type. There is, 
however, another type of arc lamp very widely used at the present day, 
called the ^ enclosed^ form, in which the carbons, or rather the arc and 
part of the carbons, are enclosed in a glass globe arranged so tliat there is 
practically no circulation of air. Consequently, in this type combustion 
of carbon goes on very slowly, and carbons that would last only about 
twenty hours in the open types will last about 200 hours in the enclosed 
type. The length of arc in the latter reaches to § inch, against about 
I inch in the former, thus allowing more of the light to get out. The 
efficiency of an arc lamp is usually reckoned in watts per candle power, 
though this should be termed its inefficiency. Ordinary arc lamps 
require from 0*5 to o*8 watt per candle, and it is usual to allow roughly 
one I.H.P. at the engine of an electric generating set for each lamp of 
1,000 candle-power (c.p.). 
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Comparing the open and enclosed types, the advantages lie mostly 
with the latter, and are as follows : 

(i) Much smaller consumption of carbon. 

(2) Will burn for much longer periods. 

(3) Require re-trimming much less frequently. 

(4) Require smaller currents (roughly, one-half). 

(5) Will burn on higher voltage circuits (100 to 200 volts). 

(6) Immunity from fire, as the arc, being enclosd in a tight-fitting 
chamber, cannot set fire to anything through dropping sparks or fragments 
of red-hot carbon. 

The initial cost of open and enclosed arc lamps is about the same, 
but when we consider the running cost after first installation, the 
difference is very evident ; for instance, compare a 50- volt lo-ampere arc 
of the open type, burning twenty hours, with a 100- volt 5 -ampere one 
enclosed, burning 150 hours without a renewal of carbons. In the latter 
the cost of carbon and labour of re-trimming are each only about ,Vo> or I 
of that in the open type, but the luminosity is less (from 10 to 30 per cent.). 
The smaller current required entails smaller cables, and therefore less cost 
in these at the outset. Arc lamps of all types are much more successful 
with direct than alternating-current, and with this latter take roughly 25 per 
cent, more electrical energy for the same amount of light than with direct 
currents, while the distribution of light, so far as open spaces is concerned, 
is much inferior. An alternating-current arc lamp does not burn satis- 
factorily at a lower frequency than 40 periods per second. In the direct 
current arc particles of carbon are carried from the upper or positive carbon 
to the lower or negative one, and in the upper carbon a crater or hollow is 
formed at the end, which tends to concentrate the light and throw it down 
to the ground ; with alternating currents both carbons burn away equally, the 
light passing outward in all directions, and the maximum rays horizontally. 

Electric Glow or Incandescent Lamps.— These consist of a 
specially manufactured carbon thread, or filament, enclosed in a small 
glass bulb from which nearly all the air has been removed. When the 
current passes through this filament it heats it to intense or white heat, 
causing the light now so universally known. 

The efficiency, or watts per candle emitted, varies from 2\ to 5 J, and 
the life from 600 to 1,400 hours, without the lamp becoming too dull 
to use. 

(ilow lamps are made nowadays in enormous numbers for any voltage, 
from 2 up to 250 volts, and of almost any c.p. from i up to 2,000, 
the higher c.p. lamps being more efficient. 

The higher voltage lamps, such as 200, last a shorter time than the lower 
voltage ones, such as those for 100 volts. A good average is to allow 3^ 
watts per candle for lamps of or about 100 volts, and 4^ watts for 200-volt 
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lamps, each of c.p. up to about 50. It is usual to allow eleven i6-c.p. 
60- watt glow lamps per LH.P. at the engine of a generating set. 
Comparing the lighting, by arc and glow lamps, of mines or other 
places, we see that, roughly speaking, i I.H.P. will produce about 
160 c.p. with glow lamps, and about 1,000 c.p. with arc lamps. For large 
open spaces, lighting by direct-current enclosed arc lamps is more economical 
both in first cost and running cost afterwards, and should therefore be 
adopted where practicable. 

One single circuit can then be made to do for both arc and glow lamps — 
namely, that shown in fig. 76, of either one loo-volt arc lamp in parallel 
with 1 00- volt glow lamps on 100- volt mains, or two 100- volt arcs in series 
across 200-volt mains with 2 00- volt glow lamps. 

It is, however, preferable to have at least two arc lamps in series, as 
one tends then to steady the other. Such an arrangement or combination 
might in some cases prove more economical than separate arc and glow 
lamp circuits, notwithstanding the 200-volt glow lamp being less efficient 
than the loo-volt one. 

In offices and rooms it is preferable to use glow lamps, but they cannot 
compete with arc lamps for large open spaces. The height of the posts 
on which they are fixed and the distance apart must be governed by the 
brilliancy of the illumination required. 

For underground lighting the incandescent lamp should be enclosed 
in a gas-tight glass case. 

Nernst Lamp. — This is an incandescent lamp^ of which the filament is 
composed of substances which will only conduct the current when warm. 
It is therefore necessary to provide a heating arrangement to start the 
lamp, which takes about a minute to light up. A coil of wire is placed 
round the glower, and the current flows through this when the lamp is 
switched on. When the glower gets warm it begins to carry current, and 
the heater coil is automatically switched out of circuit by an electro- 
magnetic switch, and the lamp bums in the same way as an incandescent 
lamp. This lamp has a very good efficiency — about 1*2 watt per candle 
power. 

For a detailed description of the construction of electric glow and arc 
lamps, see Maycock's * Electric Wiring, Fittings, Switches, and Lamps,' or 
Parr's ' Electrical Engineering in Theory and Practice,' vol. i. 

Separate Lig^hting: System. — It is often considered desirable to 
have an entirely separate system for the lighting, because in the event of 
an overload on the power circuit it might temporarily be broken, and if 
the lighting were on the same circuit, it would also be cut off just when 
most required. 

Variations in load also might affect the lighting system if it were 
combined with the power circuit. 
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CHAPTER XIII 

MISCELLANEOUS APPLICATIONS OF ELECTRICITY 

Telephones — Signal Bells — Electric Blasting — Electric Safety Lamps — Lighting Safety 
Lan)ps by Electricity — Electric Drills — Electric Welding — Electric Winding. 

Telephones. — The principle on which the telephone works is so 
well known as to require little or no description in these pages ; suffice it 
to say that the vibrations of a very thin soft iron disc, caused by the 
human voice speaking at it, are electrically transmitted along a wire and 

Fig. 153. 




Damp-, Dust-, and Gas-proof Mining Bell. 

exactly reproduced at the other end on a similar iron disc actuated by an 
electro-magnet, itself controlled by the intermittent currents generated 
electro-ma gnetically by the voice at the sending end. The line connecting 
the two places may be suspended overhead or laid underground, and may 
consist of iron, copper, or phosphor-bronze wire, of comparatively small 
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gauge, as the current used in the telephone itself is extremely small. Up 
to comparatively recently, it has been the common practice to have a 
separate outward wire for each telephone and return by the earth for them 
all. Now, however, metallic wires are being used and the earth not 
used so much for a return, as this arrangement entails less interference in 
the telephone, while at the same time it reduces the resistance of the 
circuit, which is an advantage. 

Sometimes, however, at mines, the ordinary signal-bell circuits are used 
temporarily for telephone circuits, to save having separate ones for the 




'Peel' Watrrtighi- Bell. 



latter. This cannot be recommended, since it is possible for the bells and 
telephone to interfere with each other and cause complication. 

Telephones are of great use in mining work, and should be installed in 
a systematic manner all over the workings. Should a mishap then occur 
at any point, assistance could be at once telephoned for, and the nature 
of the mishap quickly explained to the proper persons. 

S^nal Bells.— These are electric bells, usually of the ' single-stroke ' 
type, though sometimes of the 'trembling' form, which are employed to 
call the attention of some one, perhaps in the engine-house, to listen at the 
telephone, or in the case of winding, hauling, &c., as a signal to start, 
stop, &c., according to a prearranged code of signal rings. 
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For mining purposes electric bells should be damp-, dusl-, and gas- 
proof, and one form having these qualifications is shown in side elevation, 
fig. 153. It is made by Messrs. Davis & Sons, Limited, of Derby, and con- 
sists of two small electro-magnets side by side, which act on a soft iron 
plate armature, pivoted on a short horizontal spindle. A rod fixed to the 

tic. iss- 




upper edge of this armature terminates in a knob for striking the inside 
of the gong. The play of the armature is limited by two adjustable set 
screws working in an upright standard. All the working parts are enclosed 
in a nearly dust-proof meial case, n, and the two insulated wires, it, are led 
in throi^h a stuffing-box or gland, c, in the case. 




Bell. Oi'Ti 



Fig, 154 shows a good form of mining bell by the General Electric 
Company, while fig, 154A shows a water- and gas-tight signalling key. 
The case of the latter is of gun metal, and all springs are of German silver 
and contacts platinum pointed. Figs. 155 and 156 show a table form of 
single-stroke bell and push-key combined. 
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It is not necessary for a single- stroke bell to be gas-tight, as the circuit 
at the bell is never broken. A trembling bell, however, must be, as the 
contact lever carrying the armature makes and breaks the circuit many 
times a minute, creating a little spark each time. In such cases the 
containing box must be strong enough to withstand the explosion of the 
small amount of gas contained in it without fracture or contact with the 
outside gas. 

If the same line be used for both signal bells and telephones, there is 
the liability for a telephone call to be mistaken at the engine-room for a 
signal, with possibly the starting or stopping of the engine at a moment 
when it was not wanted. This might even entail loss of life. 

Separate circuits are, therefore, to be recommended for both telephones 
and signal bells, and as the size of wire required for each is small, the 
initial cost may and probably will be much more than outweighed by 
greater ease and facilities in working afterwards. 



Fig. 157. 
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Electric Signals on Haulage Road. 
B, Bell. p, Push. I., Battery of seven Leclanch<§ Cells. 

Both sets could be carried together either underground or overhead, 
thus entailing only one expense in laying them down. Tolerably well 
insulated copper for both kinds of circuits would be the best to use 
(except haulage signal wires, which are usually bare in the haulage road, to 
enable signals to be made instantly at any point), the gauge depending on 
the distance run. For a house-bell circuit a single copper wire j'j to y'g 
gauge would b;: used. For outside work and long distance, i^^, to ^:f 
gauge ; the latter size could serve for a bell two miles distant. Telephone 
wire need not be any larger. 

Electric Signals. — Fig. 157 shows the arrangement of an electric 
signalling apparatus for a main and tail haulage road. Both bells, b, can 
be rung from either end of the line by depressing the push, p, which 
makes a connection between the two line wires. The bells are Mercier's 
patent, with 7-inch gongs, and it is found that a battery of seven 
Leclanche cells, connected up in series at each end, is powerful enough 
to ring them through 2,900 feet of line. 

The line wire is of iron, No. 10^ B.W.G., and is supported on earthen- 
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ware insulators, to which it is attached by fine wire ; the insulators, which 
are 2^ inches in diameter, with a groove J inch deep and i\ inch thick, 
are screwed on to props or bars', and the two line wires kept about 8 inches 
apdrt, which is a convenient distance for making contact between them, 

Fk;. 158. 
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Electric Signal along Road and up Shaft. 
H, Bell. F, Push. L, Battery of six Leclanche Cells. 



with a lamp or metal tool of any kind, when it is necessary to signal from 
some point on the road. It is found convenient to do the wiring at both 
ends with insulated wire — say, No. 16 B.W.Ci. 

Fig. 158 shows a signalling arrangement for a haulage rope where 
the engine is situated on the surface ; in this case there is no down 
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signal. The wires in the shaft, 48 yards deep, are No, 16 B.W.G., and are 
india-rubber covered, taped and braided, and supported by two insulators 
fixed to the brickwork at the top of the shaft and attached to two more 
insulators at the bottom of the shaft. The wires in the underground road 
are No. 10^ bare iron wire, supported as in the case previously described. 
The belt is an Edwards, with a s-inch gong, and six I^clanch^ cells in 
series are found to be powerful enough to ring it. In both cases trembling 
bells are used, not single-stroke bells. 

Fig. 159 shows an arrangement for signalling between an engine-house 
and turn-outs on a haulage road. The bells are rung by local batteries, 
L.B. The local circuit is completed by means of an electro- magnet in 
the relay, r, actuated by the current from the line battery, which by 
itself would not be strong enough to ring the bell. When a single batterj- 
can be used it is undesirable to use relays, as they introduce a new com- 
FiG. 159. 
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plication, and in wet places especially may seriously increase the liability 
to break down ; when kept dry, however, ihey can be used satisfactorily. 
Wire No. 1 is an earth or return wire, and need not be insulated. The 
relays are connected in parallel between wires Nos. i and z, and the 
pushes, K, connect wires 2 and 3. .-^ll the bells are rung on depressing 
any of the pushes. 

Electric Blasting.— The use of electricity as a means of firing shots, 
although first practised in this country about the )ear 1840, is a compara- 
tively recent innovation in the mining of coal and other minerals. In the . 
Coal-mines Regulation .\ct of 1887 no restriction was placed upon the 
method of firing the shots, while in Rule 1 2 (Section d) a reference is made 
to the use of the pricker, which was employed when firing a shot with a 
squib or ' German.' About this time, however, considerable attention was 
being paid to the question of coal-dust in mines, and the necessity of having 
a safer explosive than gunpowder for fiery and dusty mines was recognised 
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by the passing of an * Act to amend the Coal-mines Regulation Act ' in 
1896, which gave the Secretary of State power to prohibit the use of any 
explosive deemed likely to be dangerous. Following upon this came several 
orders regulating the use of explosives in coal-mines, in which it is 
provided that in all coal-mines not naturally wet throughout, ' every charge 
shall be fired by an efficient electrical apparatus, or by some other means 
equally secure against the ignition of inflammable gas or coal-dust.' The 
use of electricity for firing shots, however, had become very common in 
mines some time before the issue of these orders. 

Advantages of Electric Shot-Firing.— The advantages of this 
method of firing shots may be summarised briefly as follows : 

1. The person firing the shot can do so from a distance, and thus the 
risk of a premature explosion is avoided. 

2. There is very little danger of a shot hanging fire ; with a tape fuse 
any dampness or a defect in the fuse might cause it to smoulder and delay 
the explosion, with the possibility of injuring fatally or otherwise the shot- 
firer, who had returned to the place under the impression that a * miss 
shot ' had occurred. The hanging fire of an electric fuse is extremely rare. 

3. A saving of time in the case of a * miss shot.' It is provided in the 
special rules that no person shall return to the place until after a certain 
stated interval of time has elapsed, but very frequently there is a provision 
enabling this to be dispensed with in case the attempt to fire the shot has 
been made with some electrical appliance. 

4. No burning fuse being employed, there is nothing (apart from the 
detonator and explosive) to fire gas in the working place. 

5. If necessary, any number of shots may be fired simultaneously. 
With regard to the first- named of these advantages, it is of special 

importance when considering the firing of shots in shaft-sinking. With 
the ordinary tape fuse, sufficient length is provided to enable the sinkers to 
be withdrawn before the shots explode ; but any mishap in connection 
with the winding apparatus might involve very serious consequences. With 
electric blasting the exploder is at the pit top, and the shots are not fired 
until everyone is out of the pit. 

There are three methods of electric shot- firing in use : 

1. With low-tension fuse and exploder. 

2. With high-tension fuse and exploder. 

3. With high- or low-tension fuse and the necessary electric current 
derived from the lighting or power mains. 

Low-tension System. — A low-tension fuse is shown in fig. 160, and 
consists of two tinned copper wires '022 inch in diameter, the length 
depending on the depth of the hole ; these wires are wrapped with cotton 
saturated with insulating compound, and for wet situations (such as shaft- 
sinking) are covered, in addition, with gutta-percha or india-rubber. 
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The fuse wires lerminate in the detonator, and are joined together by a 
bridge of line platinum wire, which is embedded in a flashing mixture 
adjoining the detonating compound. The passage of the electric current 
heats the platinum wire to redness, the flashing mixture is ignited, and the 
detonator explodes. 

High-tension System.— A high-tension fuse is shown in fig. i6i, and 
differs from the low-tension fuse in only one respect — namely, the absence 
nf the platinum wire bridge. A current of much higher voltage is used. 
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Low-tension Electric Detonator. 

and the explosion is caused by the heat generated owing to the resist- 
ance of the sensitive chemical compound by which the terminals are 
surrounded. 

Exploders.^- 1- Primary batteries. Low-tension fuses, which only 
require a low voltage, may be fired by a primary battery. This may consist 
of a Leclanch^ cell (see figs. 9 and 10) ; the ordinary open-iopped glass jar 
being replaced by an ebonite cell, the top of which is sealed so that loss 
by evaporation or spilling is avoided. 



< 



Dry batteries (see fig. 14) are more commonly used, however, and are 
preferred for mining work owing lo their greater portability. The E.M.K. 
of a Leclanche cell or of a dry battery is nominally rss volt. 

The cell should have as low an internal resistance as possible. Mr. 
William Maurice, in a very valuable pajjer on the subject contributed to 
the Institution of Mining Engineers, gives the following interesting example 
on this particular point ; ' 

' Suppose, for example, treating the ([uestion in an off-hand manner, a 

1 Transaclim^ of Iht hnlilulion cf Mimiig Ensiniirs, Kvi. 169, 
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dry cell, say, z^ inches in diameter and 7 inches in length, with an internal 
resistance of 0-7 ohm, be selected to fire Nobel low-tension fuses through 
a 90-foot twin wire of No. zo S.W.G. It can be seen almost al a glance 
that the apparatus is foredoomed to failure, for the total resistance of the 
circuit (resistance of cell + resistance of line -t- resistance of fuse) exceeds 
3 ohms, and since about o'6 ampere current is required to fully incandesce 
a fuse bridge, it follows by Ohm's Law (E.M.F. = current x resistance) 
that the E.M.F. of the cell (I'SS) is barely sufficient to overcome the resist- 
ance of the circuit. If, on the Other hand, a cell of lower internal resist- 
ance, say, a C-size Obach (with an internal resistance of o'zs ohm) be 
selected tc^ether with a firing line containing more copper, say, a 3/zz 

Fig. 163. 




M AG N ETO- Explode R. 

n 171, Magnets a, Aimalure. T' T*, Terminals, k. Firing key. a, Handle. 



S.W.G. , this apparently trifling modification makes all the difference between 
failure and success.' 

The total resistance in the latter example is as follows : 

Ohm 

Re. (internal resistance of cell) . 0-25 

Rl. (resistance of 180 feet 3/2a S.W.G.) . . 0-79 

Rf, (resistance of fuse bridge) .... 075 

Total resistance i'79 

On taking the product of i'79 x 06 (fusing current), it is found that the 
E.M.F, required to force that current through the circuit is less than the 
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E.M.F. available at ihe terminals of the battery ; hence this set may be 
expected to perTorm its work in an efficient manner. 

z. M^;neta«xploders are very commonly used for firing both higb- 
and low-tension fiises. They depend upon the principle that when an 
armature is revolved between the poles of a permanent magnet an electric 
current is produced. A diagrammatic view of a magneto machine is 
shown in fig. 162.^ 

Fic. 163. 




Method of Fikinc Shots from Lighting ok Fowbr Mains. 



When a shot is to be fired the fiise wires are attached to the terminals, 
t' t*, the handle, c, connected by gearing to the armature, a, is revolved, 
and when a good speed has been attained the button, k, is pressed in and 
the circuit through the fuse is completed. 




Tumbler Switch. 



DotiBLE-POLE Plug Switch. 



The winding of the armature decides whether the fuse shall be high 
or low tension ; in the former the armature is wound with a greater number 
of turns of finer wire. In course of lime the magnets lose some of their 
strength and require to be re-magnetised. 

3. Dynamo-electric exploders have the same principle as the ordinary 

' Reproduced from a drawing in Mt. William Maurice's paper. 
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continuous-current dynamo (see page 38). The electric current generated 
by revolving the armature is carried round the field magnets, converting 
them into electro-magnets and producing a much stronger magnetic field. 

The * Rackbar ' exploder is constructed on this principle, but, instead 
of the armature being revolved by turning a handle, the teeth on the rack- 
bar engage with those of a pinion on the armature shaft, and by forcing 
the rackbar rapidly down a high speed of the armature is attained. At 
the moment when the current is at its maximum strength {i.e. when the 
rackbar is nearing the end of its stroke) the current is directed into the 
fuse wires by an automatic switch.^ 



Fig. 166. 
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Messrs. John Davis & Sons' Shot-firing Key. 



Dynamo-electric exploders are the most powerful, and are largely 
employed in shaft work and in large drifts. They possess the advantage of 
durability. 

The dynamo or battery used in sinking must be locked up, and then it 
cannot be connected to the firing line, except by the foreman after all 
the sinkers have left the shaft. 

Testing Exploders. — A voltmeter or electric lamp may be used to 
test the power of either a dry battery or other exploder. 

Firing from Lighting or Power Mains.— In the case of shaft- 
sinking or driving a stone drift, shot-firing can be effected by using the 

> For details of this and other exploders the reader is referred to Mr. W. Maurice's 
paper in Transactions oftht Institution of Mining Engineers^ xiv. xv. and xvi. 
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current from the lighting or power circuits about the mine where such exist. 
Special precautions must be taken to prevent accidental firing of shots — 
this being more likely to occur when using current derived from this source 
than when using an exploder. 

A double-pole switch, which makes contact with both mains, is em- 
ployed, and this should be in a locked box under the sole control of one 
man. The shot-firer should be in a position to tell whether the mains are 
alive or not. This can be done by having an incandescent lamp or series 
of lamps joined across the mains before the double-pole switch is reached. 

F[G. 167. Fic. 168. 




A sketch showing the necessary* connections is shown in fig. 163. In 
fliis case a tumbler switch (see fig. 164) is inserted in one of the mains, 
and in addition there is a double-pole plug switch (see fig. 165). High- 
or low-tension fuses may be employed, and these are generally arranged in 
series if low tension, and in parallel if high tension. 

Fig. 166 shows a shot-firing arrangement manufactured by Messrs. John 
Davis & Sons for use in firing from the mains in the case of either lighting 
or power circuits. It will be seen that there is a switch in each main, one 
being a tumbler switch and the other a press-down switch. There is also 
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an incandescent lamp, by means of which the apparatus can be tested ; by 
placing a piece of metal across the fuse terminals and switching on the 
positive main, and then depressing the key in the negative main, the lamp 
should light up if the apparatus is in working order. The whole is con- 
ained in a strong lock-up case, so that it cannot be tampered with. 

Arrang:ement of Wires for Simultaneous Blasting^. — Where 
more than one shot has to be fired electrically there are two possible 
methods of connecting the various fuses to the exploder — namely, ' series ' 
and 'parallel.' In the 'series' method, shown in fig. 167, the current 
passes from one firing main through all the fuses in turn and so back to 
the other firing main. As the resistance varies directly as the length, it 
will be seen that with the ' series ' arrangement the total resistance is the 
sum of the resistance of each fuse added to the resistance of the line 
conductors or cables, and the amount of current required is not increased 
in proportion to the number of shots fired simultaneously, but the voltage 
rises in proportion to the number. 

Fiu. 169. 




Cablb Reel. 

In the parallel method each fuse is connected directly to both mains, 
so that the current divides amongst the various fuses (see fig. 168). In 
this system the resistance of twenty fuses is less than that of a single 
fuse ; the sectional area of the main conductors or cables must be in pro- 
portion to the current required — that is to say, in proportion to the number 
of fuses to be fired simultaneously. 

Low-tension fuses which have a very low resistance are commonly 
arranged in ' series,' while high-tension fuses are arranged in 'parallel ' if 
the number is too great to enable them to be fired in 'series.' 

The 'series' arrangement is more convenient in practical work than 
the ' parallel ' arrangement, especially in shaft-sinking, where it permits a 
ring of side shots to be easily arranged round a shaft without interfering 
with the work carried on in the sump, whereas with the ' parallel ' method 
there will be more care and more wire required to avoid taking some of the 
wires across the shaft. 

High or Low Tension, — Both high- and low-tension systems 
have their advocates, and both are working satisfactorily. The number of 
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recorded miss-shots are about the same with each system. For firing one 
shot or two shots with low-tension fuses a very tight and cheap form of dry 
battery may be used, and this allows the operator to have one hand at 
liberty, with which he can pull back the firing cable as soon as he hears 
the report, and so save it from damage by falling rock or coal. Low-tension 
fuses can also, if desired, be tested by passing through them a weak current 
(insufficient to fire) and noting if the needle of a galvanometer in the cir- 
cuit is moved. The manufacture has, however, got to such a pitch of 
excellence that the testing is perhaps unnecessary. For shaft work, how- 
ever, where the length of the firing-line may be very long, the high-tenston 
system permits of a thinner wire being used, and so it tends to reduce the 
cost of the firing line. 

A reel employed to carry the firing cables for use in shaft and other 
work is shown in fig. 169. 

Mr. F. T. W. Brain, in his evidence before the Departmental Com- 
mittee on Electricity in Mines, gave the cost of firing 1,000 shots, including 
detonators and depreciation of cable and exploder, as follows : 

With high-tension electric system, cost per shot equals i zgrf. 

With low „ „ „ „ „ „ „ 1-481/. 

With Bickford's patent fuse „ „ „ ., „ z-ijd. 

Fio. 170. 
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This does not include the time of ihe shot-firer, which would lie more 
in the case of the electric than the Bickford fuses. 

Miscellaneous Points. — An important factor for successful electric 
blasting is to see that the firing-line from the exploder to the fuse is not 
short circuited — i.e. that the two wires carrying the current shall be perfectly 
insulated from each other. In wet ground it is advisable to insulate the 
connection of the line-firing cable to the fuse wire by wrapping it with 
rubber tape or other insulating material. 

With regard to the arrangement of the fuse wires in the shot-hole 
Messrs. Nobel recommend the use of a fuse protector, which is simply an 
iron tube in which the fuse wires are placed whilst stemming. 

To avoid striking the detonator during stemming Messrs. Nobel 
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recommend that the detonator be placed at the back of the primer 
cartridge as shown in fig. 170. 

Electric Shot-firing in Sinking Pit— Fig. 171 shows a small 
series-wound dynamo used for this purpose and capable of giving a 

Fig. •172. 





Shot- FIRING in Sinking Pit. 



pressure of 500 volts. Current is generated in the armature, a, and 
passes from the brush, Bj (working on a two-part commutator), through 
the windings, w, and thence to the contact, c, and to the terminal, Tj. 
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From the brush, B;, the current goes straight to the terminal, Tj. The 
armature is made to revolve by means of the arrangement shown in the 
figure. When the handle, h, is drawn up, the rider, r, rotates the spindle, 
s, which rotates the ratchet wheel, r w, without turning the wheel, Gi. On 
the down stroke, however, the ratchet wheel engages the pawls which are 
fixed to the gear wheel, G|, which rotates the armature through G2. The 
ratio of Gi to G2 is about two and a half to one, and the spindle, s, rotates 
about twice in the stroke, so that in the fraction of a second which it takes 
to push down the handle the armature makes five revolutions. On reach- 
ing the bottom, r pushes down the contact, c, and the terminals, Ti and 
T2, are connected to the brushes ; the armature now continues to rotate as 
long as its momentum lasts, the ratchet allowing it to do so, and a current 
is sent round the cables. 

The cable is a No. 16 copper wire, india-rubber covered, taped, and 
braided. A pair of these wires are wound on a wooden reel mounted on 
a trestle with a handle for winding and unwinding ; they are let down the 
shaft when a shot is to be fired, and one is attached to each of two detonator 
wires on adjacent shots ; the remaining detonators are connected up in series 
— i.e. so that the current passes through them all in series. The battery 
box is kept locked while the connections are being made, and the charge- 
man down the pit has the key. The detonators used with this arrange- 
ment are No. 7 low-tension fuses and ignite a charge of i^ to 2 lbs, 
of gelignite. The detonators are buried in a small cartridge of the explo- 
sive used, and this cartridge and the wires of the detonator are tied on to 
sticks ; these are put down the holes after the rest of the charge is in, the 
top of the hole is plugged up with clay, and the wires connected up. 
In firing *sumpers,' as shown in fig. 172, there are seven detonators 
connected in series. After the *sumpers' have been fired and the 
loose rock sent out of the pit, eleven side holes (shown dotted in the 
elevation) are fired, and these are connected up in exactly the same way, 
eleven detonators in series. These particulars are for a 1 5-foot shaft, inside 
the brickwork, or 17 feet excavated, in average coal -measure shales and 
sandstones. The holes are drilled about 6 feet deep, and deepen the shaft 
about 5 feet 6 inches. With hoppits holding about 2 tons each, the 
sumpers and side holes together give from 50 to 55 hoppits full. The 
sumpers take four or five hours to drill, and the side holes five or six in 
ordinary measures, though in strong rock they may take three times as 
long. The dirt will be cleared out in about eight hours with a dozen men 
in the pit. Thus, if there are no delays the pit should advance, in soft 
ground, 5 feet 6 inches in eighteen to twenty hours, allowing one hour for 
charging, firing, and examining the sides after firing, which comes to about 
7 feet f)er diem. 



250 



ELECTRICITY AS APPLIED TO MINING 



Name 



Description 



Wdght Weight ijiff^. 



before 
Test 



I 



Davy . 



Unbonneted 
Clanny 



I 



\ Aluminium 
, Deflector 



Thomeburry 



Round wick, burning a \ 
mixture of i part paraffin, >■ 
3 parts colza ) 

Round wick, burning a 
mixture of i part j^oraffin, 
3 parts colza ; plain clear 
glass 



Lbs. 
1*83 



3*86 



Flat wick, clear glass, | 
burning mixture of X part |- 1*83 
paraffin, 3 parts colza ) 



Wolffs 



j Ashworth's 
! Uni-wick 



Ash worth's 
Tri-wick 



(Flat wick, 2 clear glasses ; , ) 
bums paraffin. Barton's 
burner 

( Round wick, burning ben- ) 
i ' zoUne ) 



( Flat wick, burning mine- ) ^. 
1 ral colza (paraffin) )' 



after 
Test 



a 75 



3*45 3*39 



3*33 3*22 



i:^ 



Three round wicks, burn- 
ing paraffin 



}- 



3*55 



ence 



Lbs. Lbs. 
1*73 o'lo 



0*11 



1*74 009 



3*86 3'7S o-ii 



o'o6 



O'll 



Time be- 
tween 
Lighting 
and First 
Te»t 



Minutes 
so 

20 

20 
20 
20 
30 



Approxi- 
mate Cost Circular 
of Eight i Area Lit 
Hours 



•933 



•456 



•ao9 



'ia6 



•153 



'196 



Degrees 
Pence of Arc 



360 



360 



360 



360 



360 



360 



"JOO 



I 



I 



Johnson 



Morgan 



A. H. G. 



Flat wick, burning parai- ) . 



fin ; reflector at back 



i 



3*48 3*37 



J Round wick,buming 1 part I .^ 
( paraffin, 3 parts colza 1 ^ ^ 



f Flat wick, burning mix- 
ture of X part paraffin, 3 
parts colza ; glass ena- 

, I melled blue at back 



3 '34 



3*8o 3*72 



O XX 



o'lo 



0*08 



90 



ao 



ao 



-X96 



•a?3 



186 



390 



360 



180 



Bristol Elec- J Rectangular brass case, 1 . ^ .. ^ 1 
trie 1 6"X2r"x 2i" ) S-i6 S16 I - 



20 



— I x8o 



Headland 
Electric 
(253) 



Headland 



Tall type, glass cylinder, | 
' meul shield j ^ 37 



not safety 1 *^ ^ 34"^x aj" \ 3* 



437 



2*3a 



ao 



ao 



360 



— I xao 



1 



Mixture of cobca (3 parts) and paraffin (x part) 

Paraffin 

Benzoline 



NoTB.— These observations on candle-power must be considered in view of the fact that the light given 
powers of the above lamps would be greatly varied ; generally, the benzene lamp gives the best light. 
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2SI 



Time 



Hoars 

of 
Burning 



II ■ 



iz'o 
30 
70 

IX'O 

3*o 
70 



xi'o 

3'o 
70 

60 
70 

XI'O 

3'o 
70 

IX'O 

30 
70 

IX'O 

30 
70 



215 

515 . 
9-xs ' 



IX'O 

30 
70 



XI'O 

30 
70 



t 



4 
8 



o 

4 



o 

X 



t 

o 

t 



4 
8 



o 
3 
7 



4 
8 



4 
8 



xx-o 


! 


3*o 
70 


4 

8 


XI'O 





30 

7-0 


4 
8 


XI'O 





30 
70 


4 
8 



Plane of 
Wick. 
Flat on 



Candle- 
power 

[-1 
(-1 



0*48 
034 
045 

o*8a 
o-8a 
054 



Plane of ' Glass 

Wick or , _ _ 

Filament, | 

Edge on Height Duimeter 



?^°r Sizeof 
Lamp, Rer^ 



Remarks 



Candle- 
power 
o'a 
0*94 
o*i6 

0*46 
0*43 
0*40 

0*43 
0*30 
0*43 

0*73 
0*67 

o*S3 



I'O 

0*95 
x'o 

0*00 
0*89 
0-94 



]-l 



0*33 
0-37 

0-3S 



x'l 
0-8 
0-S4 



o'6t 
0*43 
0-34 



X3*7 



o-os 
0*87 
0-95 

1*3 

0*96 

o'77 
0*87 

044 
037 

0*30 

o'ax 
o*3X 
0-31 



f- 



o'34 
0*99 
o*x6 



Inches 

I - 



Inches 






) 



0-40 \\ 
1 1 0*40 ) 



a} 



9 



:^i 



2j 



2i 



2i 



Inches Inches 
3i 

3i 

3i 



3* 



3i 



1 f bottom, 2 

** 1 top, xi 

I j bottom, 3 

'* 1 top. li 

2i I 2 



\ I I 

[ 4 !2i X i{ Reflectorparallel with wick; 



3J 






al xxj 



A 



ai - 



»M1S!°T'M 3l »ixx8oO 



x| 



ai 



ai 



3i I - 



1- ]- 



- .i 



Three-cell battery : there- 1 
fore 6-volt lamp used. 1 
which is more powerful > 
than a 4-volt lamp. Voltt ' 
at start, 5*94 ; volts at end, 
5*x6. Secondary battery 

I 

Two-cell battery or 4 volu ; , 

I start volts, 4*08. Secon- 1 

dary battery ' 

This is not a safety lamp, 
' 3-celI battery, therefore 
4-volt Uunp used. Start, 
. 4 volts. Secondary bat- 
' lery 



Specific gravity 

0*88 

0785 . 
o'69 



3*33</. per lb. 
x't4S</. per lb. 
9 '56c/. per lb. 



by a lamp depends on the height of the flame, and that with a little change in that respect the candle- 
taking the whole shift of work into consideration. 
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Electric Safctjr-lamps. 

The use of the electric lamp in the working places of a mine has, up 
to the present, not had a very extensive application. 

The importance of having a good light cannot be over-estimated, and a 
better light would no doubt decrease the number of accidents by falls ' of 
roof and sides, and would be beneficial to the eyesight of those employed ; 
but these advantages must not be obtained at the sacrifice of other prin- 
ciples of safety which are found in the ordinary oil safety-lamp. 

The disadvantage of an electric lamp for mining work is that it will not 
without cumbrous and delicate attachments detect the presence of poison 
_ ous or inflammable gases, consequently it can never in 

its present form be universally employed. At most 
collieries blasting operations are carried on, and it is 
essential that the state of the air in the mine should be 
known to the workmen. The question also arises as to 
whether the electric filament of the lamp is capable of 
igniting an explosive mixture of fire-damp and air ; while 
the bulb remains intact, of course the lamp is perfectly 
safe, but in the event of it getting broken there is a 
possibility of such a mixture being Ared.' It should be 
borne in mind, however, that the ordinary oil lamp, with 
its exposed glass, stands an equal or even greater chance 
of getting broken, in which case the flame would un- 
doubtedly fire gas. 

The great difficulty found in designing an electric 
hand-lamp was to procure a sufl^ciently powerful, and at 
the same lime portable, form of battery. The principal 
forms of electric lamps are the Headland lamp, Suss- 
Headlani) man lamp, and Bristol lamp. 

ELEcrRic Lamf. -j-he Headland Lamp.—This lamp, which is 

shown in fig. 173, uses the Headland battery already de- 
scribed on f)age ii. The lamp is made in two forms, one with a reflector 
behind and the other without, and it is the latter type which is illustrated 
in fig. 173. The photometric value of the two types is given in the table 
on pages 350 and 251. 

The Sussman Lamp. — Another lamp which has met with success 
in mining work is the Sussman, which is in use at the Murton Collieries.^ 




' In 1901, 437 per cent, of the total number of deaths in mine 
roof and ^des, and only 1 1 per cent, to explosions. 

' Transof/ieiis /nil. Mining Engineers, xvii. 88. 

• 'The Sussman Electric Miner's Lamp," by W. O. Wood; 
xxi. 189. 



'e due to &lls of 
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The lamp, as described by Mr. Wood, is made in two patterns — No. i 
with an ordinary or fixed bulb, and No. 2 with a top (patented by himself) 
containing a removable bulb, so that in the event of a bulb failing in the 
mine it can be replaced immediately by a new one. 

The secondary battery is of the Faure or pasted type, consisting of two 
rectangular ebonite cells, each cell containing three elements (one positive 
and two negative) made of cast-lead plates or grids, with a stout framework 
tapering inwards and pasted with oxide of lead, incorporated with a special 
binding material and made into a paste with dilute sulphuric acid or sul- 
phate of ammonia : the mass being pressed into the leaden grids and 
allowed to set and dry for four days. When dry, the plates are placed in a 
bath containing dilute sulphuric acid, and are then formed or converted, 
the positive into peroxide of lead, and the negative into spongy metallic 
lead, by means of an electric current. 

These plates, connected by leaden strips, are placed in the cell, which is 
then filled with the electrolyte, a semi-liquid compound of dilute sulphuric 
acid and some absorbent. 

The dimensions of the lamp are 2| by 2 J inches by 8 inches high, and 
the weight is from 3 to 4 lbs. 

The batteries maintain the charge for from eight to ten hours, and are 
then recharged by coupling up to a dynamo. 

The following table ^ given by Mr. W. O. Wood shows the cost of 
up-keep per week over a period of several months, including all charges 
except interest on capital and the cost of running the dynamo : 

Pence per Week 
All labour at basis rates, including superintendence, cleaning, making 

ready, maintenance, &c 2*19 

Material for renewing batteries, repairing, and maintaining the lamps in 

every part and lamp glasses ........ i *oo 

Incandescent lamps or bulbs 0*60 

Total . 379 

With wages at 27^ per cent, above basis rates the cost is increased by . '60 

Total ....... 4'39 

The life of the battery is said to be about twelve months. 

Tests of Safety-lamps. — The table on pages 250 and 251 gives the 
result of tests made on various safety-lamps by the authors, and will be 
interesting as showing what electric safety-lamps will have to compete vith. 

Lighting Oil Safety-lamps by Electricity.— An application of 

electricity which is widely used is an arrangement for lighting the lamp 
electrically. There are two principal methods in use, a high-tension current 
being used in one, and with this system the ordinary paraffin or colza-fed 
wicks can be lighted by means of a spark : the other system is to use a low- 

* Originally published in the Electrical Engineer, 
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tension current and cause a platinum wire over the wick tube to incandesce 
and so light the vapour which is given off in a lamp burning light oils, such 
as colzalene. 

The Protector Company were the first to sell a lamp of this kind lighted 
by an electric current heating a wire. When this kind of lamp-lighting is 
used, there are generally several lamp-lighting stations in the mine, where 
lamps can be re-lighted by the current from a secondary battery contained 
in a box ; there are arrangements for prevention of sparking when putting 
the lamp on or removing it from the battery. The whole system was 
perfected under the direction of one of the authors ; since then many 
modifications of these lamps have been introduced. 

Messrs. John Davis & Sons and others make an excellent type of low- 
tension lamp ; it consists— as shown in fig. 174 — of an ordinary safety-lamp 

Fig. 174. 




Method of Lighting Safety-lamps. 



with a platinum wire loop over the wick tube. One end of this wire is 
connected to a brass plate insulated from the rest of the lamp ; the other 
pole is formed by connecting the other end of the platinum wire to the 
lamp body. It will be seen that by connecting the terminals of a battery 
to the brass plate and to the lamp body a current of electricity passes 
through the wire and makes it incandescent, so lighting the lamp. 

Messrs. Ackroyd & Best make lamps on the high-tension system. 
A section of the lamp bottom is shown in fig. 175, and it will be seen 
that there is an insulated conductor going through the oil-vessel with a 
pointed end extended over the wick-tube. The lamp body forms the other 
conductor, and on connecting the lamp to an induction coil connected to 
an accumulator sparking takes place between the pointed conductor and 
the wick-tube, and the lamp is lighted. 



ELECTRIC LIGHTING OF LAMPS 



25 S 



Another form of high-tension lighting has been recently described in 
the 'Transactions Inst. M.E." by Mr. Edward Brown. The apparatus 
(see fig. 176) consists of an induction coil connected up to a storage 
battery, or other source of electricity, in the usual way. A copper conductor 

Fig. 17s. 




ACKROVU & Best's Elbctricaixy Lighted Safety- lam p. 

is fastened into the glass of the lamp and extends so as neariy to touch 
the wick-tube. The lamp to be lighted is placed on an iron plate, and the 
circuit is completed by connecting one terminal of the induction coil to 
this plate and the other terminal to the copper rod, and the sparking 
between the end of this rod and the wick tube lights the wick. 

Fig. 176. 




This apparatus seems to present a very simple means of lighting lamps 

in the lamp-cabin just prior to being given out ; but in taking it down the 

pit it must be borne in mind that sparking will be produced outside the 

lamp, if connection is made, say, to the bottom plate and to one of the 

' Vol. mUi. Part 11. page 186. 
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pillars supporting the bonnet, and the apparatus is therefore only suitable 
for a naked-light station. 

With the low-tension system the spark on breaking the circuit will 
only be momentary, and will be much less powerful than with the high- 
tension system ; but, on the other hand, the oils employed must be of a low- 
dash point, and this introduces another danger. 

Electric Drills. — The application of electricity to drilling has been 
^o far comparatively rare in the coal-mines of this country. 

In those countries where metal-mining is largely carried on, and in coal- 
TOining countries where the large number of faults entails the driving of 
long lengths of stone drifts, electric drilling machinery is more frequently 
met with. Under the ordinary conditions of many coal-mines, where, 
perhaps, the only shot-holes are in the ripping down of the roof in a long- 
wall gate, the use of electric drills would not effect a saving sufficient to 
justify the capital outlay ; but where stone heads have to be driven, or in 
sinking shafts, and driving cross-measure drifts, their use might in many 
cases effect great economy. 

There are two classes of drilling machinery — rotary, on the auger 
principle, and percussive. 

The rotary drills are worked with most success in rocks of a comparatively 
«oft nature. In the harder rocks the percussive drill is usually employed. 

Electricity has also been employed successfully for driving the diamond 
drilling machinery used in prospecting ; and quite recently the small 
diamond drill has been used in a Continental mine for boring in very hard 
rocks, such as granite, and it is quite possible that there may be a great 
future for such a machine in granite and slate quarries. 

Electric Drills in the Cleveland Mines.— Mr. A. L. Steavenson, 
mining engineer to Messrs. Bell, the well-known ironmasters of Middles- 
brough, is largely responsible for the successful application of electricity 
to drilling, as employed in Messrs. Bell's Cleveland ironstone-mines. 

The machines employed were originally driven by compressed air, but 
electricity is now used. And in this connection the following remarks of 
Mr. Steavenson are interesting : * 

* For twenty years compressed air had been used in mines, about two 
miles from one end to the other, with numerous machines, so that it was 
impossible to make a direct test, and say that they would start at a given 
hour and indicate every engine. He had managed to obtain a result by 
taking diagrams over several hours with each system of engines at bank, 
and these showed that with compressed air in h.p. was required for eight 
drills; with electricity, about 17 h.p. was required for the same work. 
The great loss with compressed air arose from the leakages of some eight 
or nine miles of pipes, whether the drills were cutting or not.' 

* Transactions Inst, of Mining Engineers ^ xvii. 1898-9, page 222. 
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At the Cleveland ironstone-mines all classes of rotary drills have been 
used — the hand ratchet drill, the compressed-air rotary drill, the hydraulic 
drill, the petroleum-engine drill, and the electric drill — ^and the following 
table gives the result obtained with the several drills : ^ 



Description of Drill 


MiSiS'onfy Holes Drilled per Hour» 


Ironstone sot 
per Shift 


Hand Jumper . 
Hand Ratchet Drill 
Compressed-air Drill 
Hydraulic Turbine . 
Petroleum Engine . 
Electric Drill . 


3 
250 

220 

375 
350 


4} feet in 45 minutes 
Not yet known 
About 8 holes 
About 8 holes 
About 8 holes 
About 10 holes 


Tons 

5 to 8 
About 18 
100 to 130 
100 to 130 
100 to 130 
140 



Fig. 177 illustrates the construction of the drill. The motor, m, is 
used to drive the drill-gear, and also acts as a counterbalance to the weight 
of the drill itself. 

The armature -shaft is coupled directly to a shaft about 10 feet long, 
which passes through the long hollow carrying-bar, c. By means of bevel- 
gearing the vertical spindle, s, is made to revolve, and a bevel-wheel on 
this spindle gears into another bevel-wheel on the boring-bar, b, and so 
rotates the drill, d. 

As the hole is bored the drill is automatically advanced by means of 
two pairs of gear-wheels, r r, the gear of which can be varied to suit the 
nature of the rock being bored. The nut, n, is thus made to revolve, and 
the boring-bar, b, advanced. As soon as a hole has been drilled the full 
length of the screw on the boring-bar, b, the split-nut, n, is opened, the 
boring-bar brought back, and a longer drill inserted. 

In order to drill at various heights from the ground the machine is 
provided with a semicircular wheel, a, which can be moved by means of a 
worm. The machine will drill a hole 12 feet above ground level. The 
whole machine can be moved in a horizontal plane by means of the worm- 
wheel, w. The third worm wheel, l, turns the long hollow bar, c, which 
carries the drill. 

The drill can also be moved in a horizontal plane on the plate, j, by 
unclamping a screw. 

The drill is mounted on a trolley to run on the ordinary roads of the 
mine. The motor makes about 1,300 revolutions, the drill about 400 
revolutions per minute. The voltage used is 300 at the dynamo, and the 
amperes absorbed by each machine are from 1 2 to 20, the motor being 

' ' Description of the Electric Rock-drilling Machinery at the Carlinhow Ironstone- 
mines in Cleveland,' by A. L. Steavenson ; Proceedings Inst, of Mechanicai Engineers^ 
August 1893. The figures are reproduced by their courteous permission. 

' This includes the time lost in moving the machine to different working places. 

S 
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about 6 h.p. The holes are ij inch diameter, and they are bored at 
the rate of about 3 feet a minute. The weight of the machine is 35 cwt. 
The motors are completely enclosed, and the current is supplied through 




twin flexible cable, there being junction boxes in each district, so arranged 
that when the drill is moved from one working place to another a junction 
box is always to be found within 50 yards. 

Fig. 178 is from a photograph of the machine. 
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Grant's Electric Drilling-tnacblne.— This machine is or the 
rotary type and is shown in section in fig. 1 79. The electric motor is con- 
nected to the drill by means of a telescopic shaft, and gives motion to the 
bevel-pinion, a, which gears into a bevel-wheel, which is fastened to the 
tube, B. The drill-spindle, c, is inside this tube, and is threaded along its 
entire length ; it is also provided with two grooves in which the projecting 
keys, D, rest, and so the rotary motion of the tube, b, is imparted to the 
drill-spindle without preventing it from being moved lengthwise. 

At the front end of the drill-case is the feed-nut, e, which is held in the 
nut-holder, f ; the latter is connected to a sheave, h, which has brake-shoes, 
J, working on its circumference. A wire rope encircles these brake-shoes, 



Fic. 178. 




Electric Rock-drill (see also fig, 177). 

the two ends being taken to the two bolts, k ; thus on tightening the 
wing-nuts, L, the brake-shoes press on the sheave, and prevent it and 
the nut-holder from revolving, and so the drill-spindle is caused to advance. 
The working parts being entirely enclosed enable the machine to be run in 
an oil-bath. 

The standard motor is a continuous-current one of 4 h.p., and slow 
speed (400 revolutions on full load), which enables it to be coupled direct 
to the telescopic shaft without intermediate gearing (see fig, 180). The 
ratio of the gearing in the drilling-machine is 4 to 1. The motor is series- 
wound, and this causes it to run at a higherspeedwhenon light load, which 
is found to lift the dirt out of holes bored in a downward direction. 



26o ELECTRICITY AS APPLIED TO MINING 




^ i 



JEFFREY DRILL 



261 



The drillose is atuched to a standard provided with the usual adjust- 
ing screws, and the motor is swung in trunnions attached to a turntable 

The weight of the drill is about 10 cwt., and with regard to the speed of 
drilling it is stated that in a tunnel 1 3 feet by 6 feet two men can set up 




the plnnt, drill in fairly hard rock a round of 10 holes, each 5 feet 6 inches 
to 6 feet deep, li inch diameter, and clear away all their tackle for shot- 
firing, in eight hours. 

The Jeffrey Drill.— This is essentially a coal-drill, and is largely used 
in the anthracite mines of America. The motor is series-wound, and is 
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connected to the drill by gearing in the ratio of about 5^ to i. The drill 
is attached to a long screw with grooves in it, into which projecting 
feathers on the boss of the larger wheel fit loosely, and the feed is operated 
by a nut wliich is held in a friction-clutch which can be so adjusted as to 
cause the drill to slip U[)un encountering any hard substance which might 
be detrimental to it. The weight of the machine is about 1 70 lbs., and it is 

Fio. 181. 




The Jeffhev Driu. 
Messrs. John Davis K Stms, Derbj-. 

said to drill a hole 6 feet deep in less than a minute. These drills have 
also been designed for working in rock, and for this duty they are fitted 
with a double reduction gear to allow of a slower feed. An illustration 
of this type is shown in fig. 181, and it weighs complete 300 pounds. 

Other Rotary Drills.— There are other forms of rotary drill in use, 
but their principle is similar to those described above. Messrs. Ernest 
Scott & Mountain have supplied drills for use in the Rosedale mines of the 
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Carlton Iron Company, while on the Continent Messrs. Siemens & Halske, 
of BerUn, have several rotary drills in operation in iron and salt mines. 

Percussive Drills. — There are two forms of percussive drill. In cme 
class the percussive action is got by electrical means, the Marvin and 
Depoele drills being examples of this class, in which the property of the 
solenoid is employed. 

There are usually two solenoids, the drill being made of phosphor- 
bronze, with a short length of iron in the centre. The two solenoids are 
BO arranged that by supplying the current to each alternately the drill is 
first advanced and then drawn back. 

The Marvin Electric Drill, shown in fig. 183, has achieved success 
in American mines, and a number of these drills made by the Union 
Company are at work on the Continent. It consists of a solid steel plunger 
surrounded by two coils of wire through which electric currents are caused to 




Marvin Elbctric Drill. 

pass. The coils of wire, by pulling the steel plunger backward and forward, 
produce the stroke of the machine. Referring to the figure, it will be 
observed that the plunger (i) of the machine is very similar to that of an 
air-drill ; it has an enlarged portion (2), which is surrounded by the coils 
of wire (3, 3), and a shank (4), which passes through a bearing in the front 
head of the machine, and is provided with a chuck for holding the steel 
drill or bit. 

The magnetic pull of the coils (3, 3) draws the plunger backward and 
forward as the current alternately passes through one or the other. The 
turning of the plunger is obtained by a rifled ratchet-rod (8) and ratchet- 
wheel. The spring (7) is a very heavy coil-spring, which is intended to 
check the backward stroke of the plunger and supply energy to the forward 
stroke. 
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The electric generator used is a two-phase alternating-current slow-speed 
machine, giving 135 volts. A 5 -inch stroke drill will bore a hole 3 feet deep, 
i^ inch diameter, with about 4 h.p. An 8-inch drill will bore a hole to 
a depth of 20 feet with about 10 h.p. 

The difficulty in practical working seems to be owing to the heating of 
the coils of the solenoids, and also that they have not the power of with- 
drawing the bit out of the bore-hole in case it should get wedged. 

The other class of drills employ rotary motors, and have a mechanical 
contrivance to turn rotary into reciprocating and percussive movements ; 
and it is to this class we must look for future developments in electric 
percussive boring machines. 

The Gardner Electric Percussive Rock Drill.— This is an 

American drill, at present being introduced into this country. It is said 
to have met with considerable success in the American mining districts. 

Fig. 183 shows a sectional elevation and plan of the drill. The motor 
is enclosed in a box, the connection to the drill being made by a flexible 
shaft. This shaft imparts motion by means of a bevel-wheel to the bevel- 
wheel which is at the end of the driving-axle of the drill. The driving-axle 
passes through the crosshead of the drill and is cranked, the crank shaft 
working in a slot at the rear end of the crosshead, which is so contrived that 
one-fourth of a revolution of the axle-crank gives the full striking blow. 
The next half of the revolution withdraws the drill, during which the turning 
motion is imparted. During the remaining portion of each revolution the 
drill remains stationary. 

On the opposite side of the axle is a gear which drives the fly- 
wheel, the latter being so arranged that it makes i^ revolutions to each 
revolution of the shaft. On the drill shaft are two springs which act 
as a buffer between the crank and the drill when striking the rock. 
A portion of the drill has a spiral groove in it, and by means of two 
ratchet-wheels, one left hand and the other right hand, the drill is rotated 
after each blow. The machine is carried on a vertical standard, and 
is provided with a feed-screw and handle, by means of which the drill- 
cylinder can be advanced as the hole gets deeper. The machine is made 
in two sizes. One size, for general work, weighs 150 lbs., will cut holes up 
to 5 feet deep, requires a i h.p. motor weighing 175 lbs., and strikes 600 
blows per minute with a 2^-inch stroke. The other size, for heavy work, 
weighs 260 lbs., will cut holes to 8 feet deep, requires a 2 h.p. motor 
weighing 225 lbs., and strikes 500 blows per minute with a 3-inch stroke. 

The drill has so far hardly had a trial in this country, but it seems 
mechanically good, though no doubt some arrangement for automatically 
clearing the hole would be an advantage. 

Portable Drills for Shop Work.— It is, of course, a well-esta- 
blished practice at the present time to drive all kinds of shop tools 
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electrically ; the usual practice at collieries being to tnstal a single motor to 
drive the shop shafting in place of the ordinary steam engine. This method 




leads to an undoubted economy, especially where the shops are situated at 
a distance from the boilers, and the losses of economy due to long ranges of 
steam pipes and the inefficiency of smalt steam engines are done away with. 
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It is, however, in the direction of portable tools, and especially drills, 
that electricity is seen to the best advantage, and will certainly be a more 
convenient agent about the works of a mine than compressed air for this 
purpose. A useful tool of this description has recently been brought out 
by Messrs. Charies Wicksteed & Co, of Kettering, and is illustrated in 
fig. 184. The drill itself is similar to an ordinary hand racket drill, and 
can be used in any situation in which such a drill could be placed. It is 
driven through a pair of bevel wheels by a flexible shaft of a new and 

Fic. 184. 




Wickstekd's Portable Shop Dki 
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particularly efficient type. The shaft consists of a number of short spindles 
united by universal joints, and runs in a flexible steel tube which is filled 
with oil and is entirely dust-proof. This shaft can be bent to a radius of 
about eighteen inches, and thus enables the drill to be put in very in- 
accessible positions. The motor and gearing for driving the flexible shafl 
are mounted on a small trolley, which may be conveniently mounted on 
wheels to the gauge of the mine tram roads. The motor drives the shaft 
through a pair of rope wheels, one of which is mounted on slides in such a 
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way that the tension on the rope can be adjusted by a weighted lever 
mounted on the trolley. By the proper adjustment of this weight it is 
arranged that if the tool sticks in the hole the rope wheel will slip, and the 
motor will not be overloaded nor the drill broken. The current taken by 
the motor is only two or three amperes ; it can thus be used at any part of 
the mine, on the surface or underground, where electric light or power is laid 
down, that is to say, in any mine where electricity is at all extensively used, 
wherever there is machinery or constructional work of any description on 
which it may be desired to use the drill. A length of cable is attached to 
the switchboard on the trolley, which can be connected to the mains. The 
weight of the trolley, motor &c. is about i^ cwt. ; that of the drill and 
holder about 7 lbs. ; the apparatus is thus seen to be very portable, and 
can be worked by one man. The utility of such an apparatus as this would 
be appreciated in the erection of screening plant, steel headgears, &&, to 
say nothing of the time and labour saved by its use in the ordinary work 
of repairs and breakdowns. The apparatus can also be fitted with tapping 
tools, tube cutters, and tube expanders and headers for locomotive boiler 
work. It may also be driven by hand with a special arrangement in place 
of the motor trolley, and then takes two men to work it. 

It is proposed to apply the principle of this drill to coal and rock 
boring, but the apparatus has not yet been put on the market. 

Another form of portable electric drill has the tool attached directly to 
the armature shaft, and has been extensively used ; but it is obviously a less 
easily handled arrangement than a drill on the principle above described. 

Electric Welding^. — At a large colliery a system of welding by 
electricity could no doubt be adopted with advantage. One chief 
advantage seems to be that awkward breaks, which cannot be welded 
in the ordinary way, can be welded by electricity, and also that repair 
work can be just as easily done underground (when there is no danger of 
igniting gas) as on the surface. The electric arc can be used for cutting 
metals, such as girders or plates, and this operation can be done in 
situ when it is not possible to bring the work into the shop. Sections 
such as are used in making the top and bottom frames for cages, channels, 
angles &c. can be conveniently welded by electricity, and cracked arms 
of fly-wheels or drums can be repaired by filling the crack with small 
chippings of metal and subjecting the whole to the electric arc. While it 
would not, of course, pay to introduce an electric current merely for the 
sake of occasional electric welding, yet where the dynamo is already 
installed for haulage, pumping, or lighting, an electric welding plant will 
be found a useful accessory. 

There are two systems of electric welding — the Benardos or Arc 
system and the Thomson system. In the Arc system the heat is gene- 
rated by making the article to be operated upon one pole of an electric 
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circuit, while a carbon pencil attached to a portable insulated holder 
constitutes the other pole, and an electric arc is formed which produces 
the heat necessary for the weld. 

In the Thomson system currents of electricity are passed through the 
abutting ends of the pieces of metal which are to be welded, and so heat 
is generated at the point of contact, while, at the same time, pressure is 
applied to force the two parts together. 

The Benardos System. — The plant consists usually of low-tension 
continuous-current dynamos, which during light load are employed in 
charging accumulators. The dynamos supply the current direct to the 
welding machines, and when extra current is required a demand is made 
on the accumulators. A flexible cable goes from the dynamo to a carbon 
pencil held in an insulated holder, which is in turn held by the workman, 
while the other terminal is connected to the table on which the work lies 
or to the work itself. Each welder has a regulating resistance, so that the 
current and pressure can be varied to suit the work. 

The voltage used in the Benardos system is about 85. It is necessary 
that the eyes and face of the workman should be covered to protect them 
from the glare of the arc. 

The Benardos system is .employed at the works of Messrs. Lloyd & 
Lloyd, Birmingham, and that firm have made many tests which prove the 
capabilities of the process. Two hundred and ten bars of iron and steel 
of varying thickness were electrically heated and welded by ordinary 
workmen (not trained smiths), and, together with fifty bars welded by good 
engine-smiths, were submitted to tensile tests. The average strength of 
the 150 electrically welded iron bars equalled 85*5 percent, of the solid, 
and of the sixty electrically welded steel bars 80*8 per cent., which was a 
higher result than was obtained in the case of the hand-welded bars. 

A modification of the Benardos system is called the Deflected Arc 
system. The dynamo mains are connected direct to two terminals similar 
to an ordinary arc lamp ; but on one side of the arc an electro-magnet is 
arranged, through which a portion of the electric current is sent. This 
magnet draws out the flame of the arc. It will be seen that in this system 
the article to be welded is not connected in any way to the dynamo, and 
the arc can be moved nearer to, or further from, the article, and the 
temperature varied in this way. 

The Thomson System. — This system is used by the Electric 
Welding Company. The plant consists of a generator producing low- 
pressure alternating currents, a rheostat and reactive coil for controlling 
the current in the welder, a transformer provided with clamps to grip the 
pieces to be welded, and mechanical (sometimes hydraulic) arrangements 
by which the abutting ends of these pieces are forced together. 

The transformer converts the current — which is delivered to it at a 
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voltage of about 200— down to about i volt, with the result that a current 
of very great strength passes tnrough the metals to be united, and raises 
their temperature to that requisite for welding. 

Electric Winding, — Electricity has not come largely into use for 
winding, owing to the reasons given on page 154. There are some small 
plants in operation in this country, and on the Continent large plants have 
been built. Fig. 185 illustrates an electric winding gear which has been 
made by Messrs. Ernest Scott & Mountain for the Heckmondwike Col- 
lieries for winding from a staple pit about 100 yards deep. The gear is 
driven by a four-pole open-type motor, capable of working up to 50 effective 

Fig. 185. 
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horse-power at a speed of about 600 revolutions per minute. At the end 
of the motor-shaft an automatic electric brake is fitted, which sustains the 
load immediately the current is switched off. The coils of the electro- 
magnet of this brake are in circuit with the armature of the motor, and 
immediately the current is switched on to the motor the armature is 
attracted by the electro- magnet and releases the brake-wheel. 

The motor drives through a train of gearing (the first-motion pinion 
being forged steel, machine cut) into a machine-cut cast-iron spur wheel, 
which is supported by a counter-shaft on which a pinion is carried, gearing 
into a spur wheel on the drum shaft. The drum is 3 feet 6 inches diameter 
by 2 feet wide, lagged with elm, and has strong cast-iron sides, a brake-strap 



270 ELECTRICITY AS APPLIED TO MINING 

being fitted on one side, which is controlled by the attendant. An indicator 
is provided which shows the position of the cages in the shaft ; this is 
driven by machine-cut wheels from the shaft. 

The whole gearing is mounted upon a cast-iron bed-plate made in 
sections for getting down the pit and into position by the staple. The 
motor on the winding gear is controlled by a liquid reversing and regu- 
lating switch. A Scott & Mountain 50 k.w. multipolar dynamo supplies 
current to the motor. 

The Gelsenkirchener Bergwerks-Aktiengesellschaft work all the 
machines at their new ZoUern No. 2 pit electrically, and there was ex- 
hibited in the Diisseldorf Exhibition (1902) a winding engine, which was 
at the close of the Exhibition to be erected at the above pit. The Koepe 
system of driving pulley is used, the pulley being about 20 feet in diameter. 
There are two electric motors, one on each side of this pulley or drum, on 
the same shaft. Direct current is employed, the voltage being 500. Each 
motor has a maximum power of 1,400 h.p. The motors are used in con- 
junction with a storage battery, which is gradually switched on. The load 
of coal to be lifted is 4,200 kilogrammes, equivalent to about 4 tons, from 
a depth at first of 300 metres, and ultimately from a depth of 500 metres 
(546 yards), with a maximum speed of 20 metres a second. There is 
a compressed-air starting and reversing engine, and a compressed-air 
brake. 

This plant, since being installed at the pit, has been made to work on 
what is known as the Ilgner system, which is one of the most promising 
Ynethods of electric winding yet introduced. In place of storage batteries 
the energy stored in a heavy fly-wheel is used as a buffer between the 
motors and the generators, and by taking energy from the fly-wheel at 
starting and returning energy to it in stopping and allowing it to get up 
speed during the stoppages for changing tube, a fairly uniform load is 
obtained on the generating plant. 

The fly-wheel f is of steel, with a heavy rim 1 2 feet 6 inches in diameter 
by 31 inches wide, and weighs about 46 tons. It is mounted on a shaft 
between a motor, m (fig. 186), and a generator, g. The motor receives 
power from the generating station at 500 volts, and drives the fly-wheel 
and the generator. The generator supplies current to the two winding 
motors, w. Regulation is made by introducing resistance into the exciting 
circuit of the generator, which is supplied by another small generator, e. 
As the exciting current of g is increased, the voltage supplied to the 
motors, w, increases, and the power developed by them and the speed at 
which they tend to run increases in the same ratio. When the exciting 
current is very small no current is supplied to the motors, which may, 
running on by the inertia of the load, send a reverse current to the generator, 
making it act as a motor and speeding up the fly-wheel. The increased 
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energy demanded by the winding motors during starting is not supplied 
by an increased cuirent from the central station, but by a slowing down of, 
and yielding up of, energy by the fly-wheel, which regains its speed, and in 
so doing provides a load for the motor, m, during the stop at the end of 
the wind. 

In winding from a depth of 328 yards with a load of 4 tons 9 cwt. of 
coa! the engine takes 45 seconds from start to stop ; the current taken by 
the winding motors varies from - 800 to + 1,700 amperes, that taken by the 
motor, M, from 300 to 450 amperes. The machine is under perfect control, 
being operated by one lever (except for emergency brakes, &c.). The 
current which has to be switched about is a small one, the exciting current 
only, and the plant works efficiently and satisfactorily.* 
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A plant of this description could be made to give as good, if not 
better, results than any steam winding-engine so far as fast winding and 
efficient control are concerned, and much better results in steam economy ; 
whether it would be really more economical in ordinary cases, taking into 
consideration the depreciation and interest on first cost, than a high-class 
steam winding-engine is a matter more open to doubt. In cases, however, 
where power is obtained from coke ovens, blast furnace gases, or other 
sources at a distance, it might prove the most economical method of 

' For th« information as 10 ihe present method of working this plant, the authors are 
indebted to a paper by Mr. W. C. Mountain, of the North of England Institution of 
Mining and Mechanical Engineers ; a paper by Mr, G. M, Stevenson to Ihe South 
Wales Instiluce of Engineers, and to an article in the /nwi and Coal Trades Review of 
April 15, 1904. 
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winding. It must be remembered, however, that in the system just 
described there are no fewer than six electrical machines, a breakdown 
in any one of which would mean the stopping of the winding plant. 

There are also on the Continent several examples of large winding- 
engines driven by three-phase motors. The following table gives some 
particulars of two of the largest of these, and is taken from the evidence 
given by Mr. D. Selby Bigge to the Committee on Electricity in Mines: 



•IBW^^**^^ 


Preussen II. 


Grand Homu 


Coal lifted, net ... . 


2 tons 3 cwt. 


2 tons II cwt. 


Coal tons per hour . 






lOO 


65 


Depth of shaft . 






700 metres 


1,000 metres 


Speed per sec. * Coal * 






16 metres 


16 metres 


Speed per sec. Men . 






5 metres 


5 metres 


Speed per sec. Inspection 






0'5 metre 


0'5 metre 


Time in starting 






16 .sec. 


15 sec. 


Time normal full speed 






27 sec. 


78 sec. 


Time slowing . 






18 sec. 


12 sec. 


Time changing 






17 sec. 


39 sec. 


Time total run and change 






78 sec. 


144 sec. 


Horse-power at starting . 






1,380 


935 


Horse-power running 






650 


530-475 


System .... 






3 -phase 


3-phase 


Voltage .... 






2,000 


1,100 


Periodicity 


r 

1 


25 periods 


23^ periods 


50 alternations 


47 alternations 


Motor revs, mean full load 




50 


42 


Method of driving . 






Direct coupled 


Direct coupled 


Diameter of rope 






45 mm. 


— 


Weight of rope 






14-8 lbs. per m^tre 


9 tons 2 cwt. 


Tubs per deck . 






2 


2 


No. of decks .... 






2 


2 


Weight of cage 






3 tons 14 cwt. 


I ton 17 cwt. 


Tare of tubs ... 






6 cwt. 


4 cwt. 


Total weight of lift . 






13 tons 9 cwt. 


14 tons 6 cwt. 



The method of control at the Preussen II. pit is described in * En- 
gineering,' August 1, 1902, and consists of a liquid resistance inserted in the 
rotor circuit which is provided with slip rings ; the resistance is regulated 
by varying the height of the liquid by means of a little centrifugal pump 
and a drain tap. 
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CHAPTER XIV 

ELECTRICITY AS COMPARED WITH OTHER MODES OF 

TRANSMITTING POWER 

Steam — Rods — Wire Ropes — Compressed Air— Hydraulic — Gas and Oil. 

The sources of power at a mine may be various, and are generally as 
follows : 

Steam boilers, gas generators, waterfalls, and windmills ; steam boilers 
being at the present time more than 99 per cent, of the whole quantity. 
It is quite reasonable to anticipate that in the future gas generators may to 
a considerable extent take the place of steam boilers. 

At most mines the steam boilers are all close together at the base of a 
tall chimney, but the engines which use the steam are scattered about over 
a considerable area and at different levels — some on high ground or on 
the top of pillars, others at the bottom of deep shafts, and other machines 
are situated in places where it is difficult or dangerous to convey steam. 

The best method of transmitting power from the boilers to the machines 
is a matter which has to be considered by every mine manager, and the 
various methods may be grouped under the following headings : 

1. Steam in pipes. . 

2. Rods worked by steam-engines. 

3. Ropes worked by steam-engines. 

4. Compressed air in pipes. 

5. High-pressure water in pipes. 

6. Gas and oil. 

7. Electricity in metallic conductors. 

No. I. Steam Transmission is at once the most obvious, the 
simplest, and the cheapest in first cost, and is free from danger except in 
the case of underground roads and engine-houses, where an escape of 
steam might be dangerous. It is, however, largely adopted underground, 
and accidents from its use are very rare. Steam has been conveyed a 
distance of one mile from the boiler. There is great waste of power, 
owing to the loss of heat by radiation and convection from the pipes. The 
greater the length the greater the loss. This loss may be much reduced by 
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covering the pipes with non-conducting material. It is difficult to measure 
the amount of loss. The amount of water formed in the steam-pipes which 
may be caught in a cistern and taken out and measured does not represent 
the total loss, because a considerable amount of water passes through the 
steam-engine. The percentage of loss varies inversely as the amount of 
power transmitted — that is to say, the greater the amount of power trans- 
mitted the less will be the percentage of loss. The loss is constant for a 
given length, size, and temperature of pipe, but the power varies with the 
speed at which the steam passes through the pipe and the regularity of its 
passage ; thus, if the steam is passing through the pipe at full speed the 
whole twenty-four hours, the amount of condensation might be, say, 20 
per cent. ; but if the steam were only passing through at full speed for 
twelve hours, and the other twelve hours only little more than sufficient to 
warm the pipes, there would be as much steam lost as in the first case ; 
but, as there would only be half the power, the percentage of loss would 
be 40, and if the total amount of power transmitted only represented eight 
hours' full work out of the twenty-four, then the loss would be increased 
to 60 per cent. The above figures are all hypothetical. 

Loss from the steam-pipe increases directly with its length and cir- 
cumference, but the percentage of loss decreases as the diameter increases, 
if the diameter is properly proportioned for its work. That is to say, a 
4- inch pipe, having twice the diameter of a 2 -inch pipe, exposes twice as 
much surface for cooling, but it will allow five times as much steam to 
pass with the same percentage of frictional resistance as the 2 -inch pipe ; 
therefore, if the 2-inch pipe and the 4-inch pipe were each transmitting'^ 
the full amount of power for which they were suited, the percentage of 
loss in the 4-inch pipe would only be two- fifths of that in the 2-inch 
pipe — />. if the loss in the 2-inch pipe was 50 per cent., the loss in the 
4-inch pipe would be only 20 per cent., the other circumstances being the 
same. When, however, a pipe is covered with non-conducting material, 
the surface exposed to the air does not vary in the same proportion as the 
internal diameter of the pipe, because the thickness of the non-conducting 
composition has to be taken into account ; and if the 2-inch and the 4-inch 
pipes were made of cast iron | inch and | inch thick respectively, and 
were each covered with i inch of non-conducting material, the external 
diameters of these pipes would be 5 inches and 7^ inches respectively — />. 
the radiating surface of the 4-inch pipe, instead of being twice as great as 
the 2-inch pipe, would be only 50 per cent, greater. The foregoing 
remarks show that steam transmission may be economical with a large 
power and wasteful with a small power. On the other hand, it must be 
borne in mind that a large steam-pipe in a mine might be dangerous if 
taken a long way into the workings, and that the immunity from serious 
accidents in the past is very likely due to the fact that it is seldom that a 
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large steam-pipe is taken far from the pit bottom. One objection to steam - 
pipes is that an exhaust-pipe is generally necessary for the return of the 
steam, except in those few cases where all the steam can be condensed, as 
is the case with pumping-engines where the height to which the water is 
raised is very low. 

No. Z Transmission by Rods. — In this case a crank driven by 
a steam-engine gives a backward and forward movement to a connecting- 
rod carried on vibrating levers. Rods may be joined together end to end, 
carried on levers, and the power transmitted for great distances on land, or 
down a pit and along the underground roads. Corners may be turned by 
bell-crank levers. This arrangement is good for certain cases, but is seldom 
adopted nowadays on account of the ponderous nature of the connecting- 
rods when they are of considerable length, and the room occupied, and 
the awkwardness of using the reciprocating motion for any other purpose 
than that of pumping water. 

No. 3. Transmission by Wire Ropes is very largely used both 
for carrying power on the surface and transmitting it down the shaft of a 
mine and along the levels and inclines. Wire-rope transmission is of two 
kinds. The first is where the wire rope which is connected to the drum of 
the engine at the boilers is the same rope that does the work underground 
for which power is required. This is the case where underground or 
surface haulage is done by one rope. If the rope is used for endless- 
rope haulage, the speed is generally slow; if for single-rope or tail-rope 
haulage, the speed is generally fast. The second method of using wire- 
rope transmission is where the rope is merely used like a strap or belt in a 
factory, for transmitting the power from the steam machine by the boilers 
to some other machinery in the pit. In this case the strap-rope is generally 
high-speed; the higher the speed the lighter is the machinery and the 
smaller the rope necessary. Some engineers prefer a thick rope and slow 
speed machinery. Next to steam transmission, the wire rope is the cheapest 
mode of transmitting power, as regards first cost. All that is necessary is 
the driving-wheel, or drum, on the generating engine, and the receiving- 
wheel, or drum, on the machinery in the mine, the various guide- and 
angle-pulleys on the way, and the rope itself. This method of transmitting 
power is therefore very largely used, and is particularly applicable where 
the number of turns in the direction of the rope is not great. In some 
cases on the surface the rope may be carried in the air without any guide- 
pulleys from the generating engine to the receiving machine. In such a 
case as this it is probably the most economical mode of transmitting power 
that is known. But these cases are rare. From the mine manager's point 
of view the objections to the rope transmission are the space required in 
the shaft for the ropes and the space required in the underground roads 
for the supporting pulleys and turn-wheels, and the complications of 

T2 
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subsidiary driving- and receiving-drums where the machinery to be worked is 
scattered in many directions and places. There is also the question of the 
safety of men in the shafts down which the strap-ropes are working, and 
the necessity for boxing up the ropes. Where, however, strap-ropes can 
be conveniently used, it is doubtful if any other means of transmitting 
power is more economical. It should, however, be noted that in many 
places they have been superseded by electricity. 

No. 4. Compressed Air is very largely used, and is the most obvious 
means of superseding steam transmission. The same arrangement of pipes 
will do in each case, but instead of the steam going direct from the boiler, 
it goes into an air-compressing engine, and compressed air is taken into the 
pipes which go into the mine. The advantages of compressed air are ver>' 
great. A mine is generally warm ; compressed air helps to cool it. An 
escape of compressed air, though it means a loss of power and of money, is 
otherwise beneficial in a mine. It is useful, not merely for power, but for 
ventilation in confined places. On the other hand, it is very costly. The 
air-compressing engines and the air-using engines or air- motors cost a 
great deal more than the steam-engines which they would supersede It 
may be taken that the air-motor is equal to the cost of a steam-engine 
which would have done the work, but on the surface we have the air- 
compressing engine, and this probably costs five times as much as the 
steam-engine would have cost to do the work direct had steam transmission 
been used. Also, owing to the loss of power in air-compression, there will 
be a great increase in the outlay for boilers ; but that increase is uncertain, 
because the loss by steam transmission might have been so great as to 
equal the loss by air-compression, or even to exceed it, so that, as com- 
pared with steam transmission, it does not follow that the boiler cost would 
be increased, but the boiler cost would be greatly increased as compared 
with rope transmission. In working cost the loss of power depends on 
many circumstances, some of which are under the control of the engineer. 
They are as follows : 

1. Leaks in the pipes. This is entirely a question of management. It 
is not necessary that there should be any leak, and, if existing, it may be 
easily discovered. 

2. Friction of the air transmitted in the pipes. This can be reduced 
to a very small percentage by having the pipes of sufficient diameter. The 
friction varies inversely as the fifth power of the diameter, so that a very 
small increase in the diameter is sufficient to make a very great ^eduction 
in the loss through friction. The fifth power of five is 3,125, and the fifth 
power of six is 7,776, so that if with a 5-inch pipe the friction had required 
a pressure of 777 lbs. to overcome it, if a 6-inch pipe were substituted, a 
pressure of only 3*12 lbs. would be required. 

3. Heating of the air during compression — the necessary abstraction 
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of this heat from the air, which heat is necessary for the free expansion 
of the air in the motor, and is not there when wanted. The loss due to 
the generation of heat may be reduced by efficient cooling of the cylinder 
and by stage compression, but this loss may be expected to amount to 
25 per cent, of the engine power. The useful effect of the power 
of the air-motor, as measured by a friction-brake, cannot be expected 
to be more than 40 per cent, of the I.H.P. of the air-compressing engine.' 
In some cases the useful effect is only 10 per cent., in many cases only 
20 per cent. ; 30 per cent, is considered a good return. 

If compressed air is used on the surface, or in some place in the mine 
where there is no danger from fire and smoke, then it may be re-heated 
before entering the air-motor. In that case, the power which was taken 
out of it on compression can be restored, and, indeed, more than restored ; 
this involves an expenditure of fuel ; but the efficiency of such an air- 
engine is so great that the cost of the fuel used in re-heating becomes 
insignificant, and, where re-heating by means of a fire is admissible, 
compressed-air transmission is exceedingly efficient, and it is not probable 
that the efficiency can be exceeded by any other means. But it rarely 
happens that re-heating by fire is admissible. Compressed air is applicable 
to almost every species of machine used by miners. 

A combination of compressed air and electric transmission has distinct 
advantages for some situations. Power is transmitted by electricity to 
a point in the workings, and there drives an air compressor from which 
power is transmitted to the face for coal cutting, drilling, &c. Messrs. 
Reavell & Co. of Ipswich make an electrically driven air compressor 
which may be coupled direct to the electric motor without the intervention 
of gearing. 

In the single stage type of machine for working pressures of about 
60 lbs. per square inch or less, four cylinders are arranged radially round 
a common crankpin. The stroke of the pistons is short, and a high speed 
can be attained. This combined system of transmitting power is destined 
to have important developments. 

No. 5. Hydraulic Transmission of Power. — In this case the 

generating engine, instead of compressing air, pumps water, which is 
incompressible, along pipes. The water is pumped against a heavy 
* head ' maintained by accumulators, and the pressure used generally varies 
from 500 lbs. to 1,200 lbs. on the square inch. It is largely used in docks 
for working hoists and capstans, and small motors for opening and closing 
dock gates. It is also used for driving motors in warehouses and else- 
where. It has many advantages and conveniences, but for mining purposes 
it is not generally so convenient as compressed air. It is generally 

' Minings by Lupton, p. 369. 
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necessary to have a return pipe for the exhaust water, and, being non- 
elastic, it is often used at full pressure when one-half or one-quarter of the 
full pressure would be sufficient. In cases where a single generating engine 
on the top forces water through a pipe to drive a single pump at a distance 
in the mine, the power of the generating engine may be exactly that which 
is necessary for driving the pump at a distance without any waste power. 
In such a case as this the efficiency of an hydraulic transmission system 
would be greater than that of compressed air (except where re-heating is 
admissible), and probably at least equal to that of any other system of 
transmission. But the mine manager, as a rule, desires a system of trans- 
mission of power applicable to a great variety of motors working at various 
speeds and in places far distant one from the other. Hydraulic trans- 
mission is not generally suitable to ver)' large powers, but is best employed 
for those cases where a small power constantly generated at the central 
station can be applied to exerting great efforts for very short periods. 

No. 6. Transmission of Power by Gas and Oil. — ^The last forty 
years have witnessed a great development of gas-engines. These engines 
are made suitable for using not only illuminating gas, but any other kind 
of inflammable gas. The cheapest kind of gas is that known as * producer ' 
gas. This gas, when once produced and purified, may be transmitted to any 
distance in pipes, and the gas-engine can be erected at the place where the 
work is required. The main objection, however, to the transmission of 
* producer ' gas to a great variety of places is the poisonous nature of this 
gas, which contains a large percentage of carbonic oxide gas, called by 
chemists carbon monoxide, and shown by the chemical symbol CO. For 
this reason, as well as for its explosive quality, no mine manager would 
think of taking the gas down the pit ; and if he wished to use a gas-engine 
at all, he would only use it at some engine-house so situated and ventilated 
that the danger of poisoning or of explosion was reduced to a minimum. 
A gas-engine might very properly be used at a central power-generating 
station, for generating power to be transmitted either by wire ropes, 
compressed air, hydraulic pressure, or electricity, and in this way probably 
it will be largely used in the future. 

If we talk of conveying power by means of gas, which is to be burnt 
in the cylinder of an engine at a great distance from the gas generator, it 
is reasonable to talk of conveying power by oil, not conveyed in pipes but 
in barrels to the place. The oil, on its way into the cylinder of the engine, 
is vaporised, and therefore for practical purposes becomes a gas in the 
cylinder of the engine. The oil-engine is very useful both in the pit and 
on the surface. It can, however, only be used in those situations where 
the exhaust will do no harm. Although the exhaust from an oil-engine is 
not poisonous, still it docs not conduce to the health and strength of 
those who breathe it, and is unsuitable for discharge into an air course 



ELECTRIC TRANSMISSION 279 

conveying air to working places. It should, therefore, only be used where 
the exhaust is discharged into the return. An objection to the oil-engine 
is the amount of fire required to start it, a large oil flame being required 
to heat the vaporiser until the engine has got fairly to work. This is 
enough to prevent it becoming very popular in most collieries, and in a 
great many other mines where fire is the most dreaded risk ; but the 
economy of oil-engines is such that for surface work it will be difficult to 
provide anything more cheap in working cost. Oil-engines, however, as 
well as gas-engines, are rather troublesome to start, and for that reason, 
when once started, are generally kept running through the day, and, as 
usually made, are not suitable for reversing, although the reversing can be 
effected by means of suitable gearing. 

No. 7. Electric Transmission, twenty years ago, was both novel 
and rare ; it is now well established and very common. It cannot be said 
to have superseded wire-rope transmission, but it has come into favour in 
comparison with transmission by steam and compressed air ; indeed the 
real contest for superiority lies between compressed air and electricity. 
The advantages of electrical transmission may be stated as follows : 

1. Electrical generators are revolving instead of reciprocating like most 
air-compressors,* and there is generally much less wear and tear about a 
steadily revolving machine than about a reciprocating one ; and con- 
sequently the engine driving it may go at a much greater speed than is 
practicable with a reciprocating air-compressor, which tends to reduction 
in the comparative size of the electric generating machinery. 

2. The electric conductor is more quickly and conveniently taken down 
pits and along roads and round numerous corners than compressed-air 
pipes, and occupies less space. 

3. The efficiency of transmission by electricity is greater than with 
compressed air (except where re-heating is permissible). The efficiency of 
an electric dynamo varies from about 80 to about 95 per cent, of the power 
put into it, and the efficiency of the motor is about the same. The loss in 
transmission through the cables is probably about equal to the loss that 
takes place in compressed-air transmission through pipes, and may be 
much or little according to the amount of money laid out upon the cables. 
Electricity has the power to adapt itself to the amount of work required, 
similar to the elasticity of compressed air. The cost of an electrical 
installation is probably rather more than that of compressed air, but very 
few mining engineers would to-day put down an air-compressing plant in 
preference to electricity, unless the particular situation of their mine made 
electricity peculiarly dangerous. 

The drawbacks to the use of electricity are gone into in Chapter XV. 

' Messrs. Parsons, of Heaton Works, Newcastle on-Tyne, make a revolving air- 
compressor, being one of their turbines reversed. 
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CHAPTER XV 

DANGERS OF ELECTRICITY 

Dangers of Electricity — Methods of Obviating the Dangers — Testing of Cables — 
Wheatstone Bridge — Ohmmeter, &c. — Electric Shock. 

Every new method or appliance involves new dangers. Perhaps these 
new dangers may be less than the old dangers, but they are none the 
less real. 

Fire. — At a mine, one of the most terrible dangers is that due to the 
burning of woodwork or coal. The reason of the great danger is because 
of the strong current of air passing through the mine, which supplies the 
oxygen necessary for rapid combustion, and also the fact that there may be 
no possibility of escape from the mine without passing through a burning 
lire on the cne iiand or a suffocating smoke on the other. This danger 
applies equally to underground mines of all kinds which contain inflam- 
mable material such as timber. It also applies with greater force to 
collieries, because here the fire, once started, may take hold of a great 
mass of coal. The danger is not limited to the underground works, but 
also exists on the surface works. At the top of the pit there are frequently 
a great many buildings and machines, and if in and about these there is 
inflammable material such as wood and coal, the smoke and flame from 
these, when once set on fire, may be drawn down the shaft with the ven- 
tilating current, and may cause a terrible disaster. For this reason the 
mining engineer, when deciding to use electricity, must spare no reasonable 
precaution to avoid danger from fire. 

Arrangement of Cables to Avoid Fire. — If well-insulated cables 
are used on the pit top, they may be carried from the generator safely past 
all the buildings and woodwork by being placed in the earth, care being 
taken to avoid the proximity of any wooden posts, or any ground contain- 
ing coal, pit shale, or other inflammable material. If this is carefully done, 
the electric cable, however defective it may be or become, will not set fire 
to anything, for the simple reason that there is nothing near it which it 
can fire. 

Another method is to lay the conductor in pipes in the ground. These 
pipes may be of iron or earthenware, care being taken that the pipes do 
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not go too near to any timber, coal, or pit shale ; but even if the pipes do 
pass some coal or similar inflammable material, it is not likely that they 
will cause a fire, because the current in passing through the ear;h will be 
spread over too large an area to cause great heat in the earth. The pipes 
may be laid in a bed of sand, clay, gravel, or ashes. 

A third plan is to lay the cable in a brick culvert, which contains no 
timber crossbars or other inflammable material, the crossbars being made 
of iron, and the cables carried on porcelain insulators. Care must be 
taken to exclude coal-dust from this culvert, and therefore it must not have 
an open end near to the screens, so that a current of air from the coal 
screens would carry dust into the culvert. It is well known that coal-dust 
from screens is easily inflammable, and explosive when mixed with air. 
The culvert must also be ventilated, so that no accumulation of gas can 
occur. 

If the conductor is carried overhead, on poles or otherwise, it must be 
so carried that in case of defect in the insulation the current will not come 
in contact with any wood, coal-dust, coal, or inflammable shale. The con- 
ductor must also be carried in such a line that in case it should be broken, 
either by its own weight or the weight of snow, or by some weight acci- 
dentally or carelessly falling on it, it will not in falling come in contact with 
any wood or other inflammable material. There may be some difficulty 
in fulfilling this condition, but the difficulty must be overcome. 

Fireproof Generator-house. — The dangers from fire on the surface 
are not only in the conductors, but are to be found in the generators, 
terrible accidents having arisen from generators placed in engine-houses 
near to the pit top. For this reason the generators should always be placed 
in buildings which are entirely separate from all inflammable materials at 
or about the pit top, so that a fire originating at the generator or in the 
generator-house cannot possibly extend to the winding-engine, pit bank 
&c. and cannot extend to heaps of pit timber, shavings, &c. Accidents 
from electric dynamos, as from other causes, nearly always arise in some 
manner that ordinary human intelligence does not foresee. In a new 
installation there is no difficulty in having a complete fireproof separation 
between the generators and the rest of the plant at a mine. 

Fireproof &c. Motor - rooms. — The precautions which are 
necessary for the generator must be observed as far as practicable with 
the motors ; but the danger from a motor is much less than from a 
generator, because if there is any defect in the insulation of the conductors 
it is likely to lead to the stoppage of the motor and the current, whereas, on 
the other hand, it would not stop the generator or the current generated. 
But still every reasonable precaution must be taken in fixing up motors 
at or about a pit top. They should be placed as far as possible on 
foundations of stone, brick, or concrete, and walled round with similar 
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non-inflammable material, and the roof carried on iron instead of wood ; it 
being always remembered that near the top of a coal-mine there may be 
under every roof an accumulation of coal-dust, which is easily fired, and in 
its turn will set fire to woodwork. Where brick, stone, or concrete cannot 
be used for the support of the motors and for surrounding them, they 
should be placed upon iron plates and surrounded with iron plates, so that 
in case of a short-circuit causing an electric arc, or other dangerous 
passage of electricity, there will be no inflammable material to catch fire. 
To place electric motors and conductors anywhere about wooden pit 
frames, screens &c. near a pit top, is to court terrible disaster. 

Fuses, &C. — At a generating station there are fuses and automatic 
circuit-breakers, the intended effect of which is to shut off the current 
in case of an excessive amount passing through any conductor owing to a 
short-circuit or any other cause, such as an overload on a motor ; but in the 
case of a circuit where there are, say, half a dozen motors, either in parallel 
or series, there might be a short-circuit at one of these without the amount 
of current being necessarily so large as to cause the circuit-breakers or fuses 
at the generator-house to act. There ought to be a circuit-breaker and also 
a fuse in an air-tight iron case at each branch, so that every provision may 
be made to avoid any evil consequences from a short-circuit at the motor 
or in the conductors, just as if it was certain that the generator would con- 
tinue to send the maximum possible current. 

The many fires that have originated at mines through the use of 
electricity have arisen from the inexperience of mining engineers and mine 
managers, and also from the fact that the advocates of the use of electricity 
and the vendors of electrical machines have not sufficiently dwelt on the 
dangers against which provision must be made, and also from the fact that 
the mining engineer is frequently induced to adopt the use of electricity 
by representations as to the cheapness with which the conducting cables 
can be carried about the works, and the convenience with which electric 
motors may be placed on stages and in corners of buildings. But when it 
comes to carrying out the work, it appears that if it is executed with every 
precaution that prudence can suggest, it is much more costly than appeared 
from the original estimates. 

The mining engineer must treat electrical generators, conductors, and 
motors as if they were fires, because they may become fires. Having once 
made up his mind so to deal with electric appliances, and having in con- 
sequence made the proper arrangements, it is probable that he will never 
have a fire, or any serious difficulty with his electrical plant. 

Conductors in Vertical Shafts. — The dangers arising from electric 
cables in a vertical shaft, as a rule, are not so imminent as those on the pit 
top, because the shaft is usually damp, and frequently wet, and if it is walled 
with brick or stone there is nothing to burn. But in the case of a shaft 
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lined with timber, and which is not permanently wet, then the utmost pre- 
cautions must be taken to avoid fire. Sometimes a bare copper cable is 
stretched from top to bottom of the shaft, ^ and is not in contact with any 
material at all. In such a case as this, no accident can arise from the 
cable unless it should break, or be brought in contact with some con- 
ductor, such as one of the cages, or a metal trunk, swinging against it. 
In case both conductors should break, no electrical damage (except the 
spark on the breaking of the circuit) would happen in the shaft or 
below, because the circuit would be entirely cut off. In case one con- 
ductor should break and fall down, then the part at the pit bottom would 
be earthed, but if the end at the pit top remained well insulated the 
circuit would be broken and no current would flow ; but if there was a 
fault, then the current would flow through this fault, and the cable would 
very likely get hot. In brick-lined shafts a heavily insulated cable is 
often carried down in a species of wooden pipe. In case from any 
defect a short-circuit should happen, and if the shaft was perfectly dry, the 
wooden box might be fired. In an ordinary brick-lined shaft it is not 
likely that any very serious results would follow, but if the shaft was lined 
with dry timber the consequences might be disastrous. In order to 
avoid this danger it would be better to have the cables covered with 
armour of galvanised-iron wire, instead of covering them with wooden 
boxes ; and in case, owing to the depth of the shaft or other circumstances, 
it is necessary to support the cable in the shaft, it can be fixed to porcelain 
insulators. If the shaft is wet, the wooden boxes will not be any source of 
danger. If the shaft is dry, the galvanised-iron armouring will last for a 
great many years. 

Cables along the Passages of a Mine. — The dangers due to these 
cables are in the first instance those arising from the use of bare wire con- 
ductors, and would be due in that case to overheating through excess of 
current, causing coal-dust or other inflammable material in contact with the 
wires to take fire. The dangers due to bare wires, however, are so obvious 
that it is seldom, if ever, they are used in a coal-mine so we will consider 
the dangers due to the use of insulated cables. These are, firstly, due to 
excess of current causing heating of the cable. This, in the case of a main 
cable, can be met by the fuses or automatic circuit-breakers at the 
generator-house, which will cut off the current as soon as it becomes 
excessive. The next danger is that due to some defect in the cable 
causing an escape of current to the earth. In the case, however, of all 
ordinary arrangements, where the generator is not connected with the 
earth, a defect in one cable is not sufficient to cause a current to the earth. 
There must be a corresponding defect in the other cable, which also then 
connects with the earth, and the current goes from one cable through the 

* This is now forbidden in colliery shafts. See Appendix, Section 3, Rule 28. 
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earth into the other cable, thus causing a short-circuit. Suppose, for the 
sake of argument, that the motor being supplied with electricity is one mile 
from the generator-house, and the defect in the cable is half a mile from 
the generator-house, then the current which can pass at the defective 
place has only a circuit of half the distance it was intended to have ; and 
not only that, but it avoids the resistance &c. of the motor. Suppose the 
current at the generator had a voltage of 660, and the drop in the circuit 
was represented by 60 volts, then the voltage at the motor would be 600, 
and if there was a short-circuit the motor would be cut out, and the only 
resistance would be that of the cable of half the length, over which the 
drop would be 30 volts for the number of amperes in the ordinary current. 
But we have 660 volts at the generator, which is equal to forcing a current 
twenty -two times as great as the normal current through the short-circuit. 
This will quickly cause a conflagration at the place where the current 
passes from the cable to the earth, or across from one cable to the other in 
case the two cables are close together. We thus have a fire lighted in the 
mine which can only be stopped by the stoppage of the current by some 
automatic apparatus at the generator, or by the man in charge noticing 
the increase on the amperemeter or some other sign. If before this 
happens the timber or coal has been fired, the salvation of the mine 
depends upon some man being at hand to extinguish the fire. In the case 
of main cables, the automatic cut-out should always act immediately. 
In the case of a branch cable, the automatic cut-out (at the generator- 
house) may act ; but that will depend on the relative size of the branch 
cable to the main cable, because the automatic cut-out on the generator 
can only act in consequence of the current exceeding the normal amount. 
But there might be an excessive current on a branch cable, whilst the 
total actual current was below the normal. It is therefore necessary that 
there should be an automatic cut-out on each cable of each branch, so 
that in case of an excessive current passing along any branch cable it 
should be immediately cut out. Thus automatic cut-out should be as 
much part of the necessary apparatus as the use of a safety-lamp is in a 
mine known to contain firedamp. 

The ordinary branch cable in a mine is insulated with vulcanised 
india-rubber, and protected by wrappings of tape and braid. In case there 
should be a short-circuit, this stuff is easily inflammable, and if it should 
be in contact with dry wood or coal, a fire might be produced instantly. 
Every experienced mining engineer is aware that it does not take long to 
produce a fire. Coal, timber, brattice-cloth, or coal-dust, has been often 
fired by an explosion of gas, therefore it is possible for a flame of very 
short duration to set fire to a mine. 

The liability to firing from a sudden flame in the cable would be 
reduced to a minimum if the cable was armoured with iron wire. The 
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armouring should be well earthed every hundred yards or nearer, because 
this would tend to prevent the burning of the braiding, tape &c. caused 
by a sudden and quickly stopped short-circuit. Mine managers do not 
always think it necessary to adopt armoured cable for the sake of the 
additional safety, but there is no doubt that in a ver)* warm and dry mine 
it is a mistake to run any unnecessary risk. It may, however, be borne 
in mind that where the mine is quite dry, and the positive and negative 
cables are some distance apart, and where neither of them is earthed, it is 
almost impossible for a short-circuit to take place between two well- 
protected taped and braided cables, unless there is some accident >or 
mischief. A short-circuit can only take place by both the conductors 
being connected with the earth at the same time. The armouring of the 
cable, by bringing a metallic conductor close to the copper, facilitates the 
making of faults and short-circuits, and makes detection and repair of 
faults less easy. On the other hand, it reduces the chance of injury by 
mischief or by violent accident. 

Where the mine is wet, short-circuiting is much more likely to take place, 
because the timber and ground, being wet, become comparatively good con- 
ductors, and water making its way into the cable forms a wet track from the 
copper conductor in the cable to the timber or ground, and the slightest 
fault in the insulation may be the forerunner of a short-circuit. Happily, 
these conditions are also those where a general conflagration is not likely 
to take place. The main cables, where there is a considerable current, are 
often insulated with paper which has been saturated with some waxy and 
oily compound. This paper, with its compound, is much more durable than 
india-rubber. The paper covering is drawn into a lead pipe to protect it 
from water, as contact with water will destroy the insulation. In order to 
protect the lead, it is armoured, sometimes with a steel strip, like a tape, 
wrapped round, and sometimes with wires. Sometimes the wires are gal- 
vanised. This armouring will form an effectual protection against a great 
many accidents, and the galvanising saves the iron from rapid corrosion. 
When a steel strip is used, it is covered with yarn or tape and protecting 
composition, to save it from corrosion by water or damp air. The heavy lead- 
covered cable is laid either along the ground, or in a trench in the ground ; 
and in the latter case it may be covered with clay to keep out water, 
and also to provide a non-inflammable material in proximity to the cable. 
A cable laid in a trench is safe from injury even from the heaviest fall of 
roof, and no cable suspended from props can be regarded as safe from the 
effect of a fall of roof. The cable may be laid in an iron pipe in order to 
protect it from falls of roof, or accidental or mischievous blows, or damage 
by coal waggons getting off* the road, &c. 

Heat Generated by Filament Lamps.— The ordinary incan- 
descent or filament lamp is not usually regarded as a heat generator, but 
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as a matter of fact it produces great heat. The greater part of the electric 
energy (over 90 per cent.) used in the lamp is converted into heat. When 
such a lamp is exposed to a current of air, the heat is so quickly removed 
by the air and by radiation that the glass remains only moderately hot ; 
but if the lamp is covered up so as to prevent the rapid escape of the heat, 
then the glass will soon get hot enough to set on fire any inflammable 
material with which it is in contact, for instance, a cotton shirt, cotton 
waste, hemp yam, brattice cloth, wood, coal, and more particularly coal 
dust. If an incandescent lamp is embedded in coal dust, a fire may be 
lighted in a few minutes. It must always be borne in mind that the 
electric lamp contains a fire, like any other lamp, and must be kept cool 
by constant exposure to a current of air, or to a considerable volume of 
air, as in a room. 

Sparking^ at Switches. — Another source of danger is the sparking 
at the switches which is liable to occur when using either alternating 
current or continuous current. This danger may be diminished by putting 
the switches into strong iron boxes, and working them through stuffing- 
boxes, the space inside the box being so small that no large amount c^f 
explosive gas could be inside, and the openings on the outside being so 
small that if there were any explosion of gas inside the flame would not 
be able to pass through the openings. Another plan is to work the 
switches in oil or water (see page 120). Each of these methods has its 
advocates. 

Short-circuiting with Coal-cutting Machines.— Some of the 

precautions above named are not practicable in dealing with electric coal- 
cutting machines. But there is no reason why the switches in the gates 
should not be protected, either in air-tight boxes or by oil. The cables 
used in the face may be armoured or leather covered, and the connec- 
tions on the machine may be such as to make short-circuiting almost 
impossible. 

Short-circuiting with a coal-cutting machine is most likely to be pro- 
duced by some mistake in connecting the cables to the machine. This 
might be made impossible if there are only two places on the machine to 
which the cables can be attached. There is of course always a danger of 
sparking with the motor, but there is also a danger with the cutting parts 
of the machine striking hard substances, so that the additional danger 
from an electric spark is not perhaps very serious. The real danger to be 
avoided is that of a short-circuit above referred to. 

No amount of care and none of the precautions above named will 
entirely eliminate the danger arising from the use of electricity in mines 
containing inflammable gas, or liable to blowers of fire-damp. All that is 
possible is to treat the fire, or possibility of fire, in the electric circuit in 
the same way as a fire in a lamp is treated in a safety-lamp when it is 
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covered with wire gauze. The fire is there, but it is rendered harmless. 
The electric circuit is much more complicated, and for its safe manage- 
ment requires much greater foresight and knowledge. On the other hand, 
the electric circuit is only introduced into parts of the mine, and into those 
parts which are considered quite free from inflammable gas, and is only 
used when the examination of the mine by the deputies with their safety- 
lamps has shown that it is free from gas. The safety-lamp, though much 
simpler, is deliberately introduced by the deputies into parts of the mine 
which are likely to contain gas, for the purpK)se of exploration and estima- 
tion of the percentage of carburetted hydrogen ; but no colliery manager in 
his senses will deliberately take an electric current into any part of a mine 
where he does not know as a fact that there is no gas, and that the 
possibility of gas occurring in that place is remote in the extreme. The 
difference between the danger from gas in contact with an electric current 
and the danger from coal-dust, dry wood, coal or shale, is that gas may be 
fired by a single spark of momentary duration, such as might occur at the 
fracture of a cable, or by the movement of an unprotected switch, or from 
a great variety of accidents, and before any automatic cut-out could stop 
the circuit ; and indeed the action of the automatic cut-out itself would be 
liable to cause a spark which might fire gas in the vicinity unless the 
instrument was put in a case so arranged as to preclude the possibility of 
firing gas outside ; whereas the danger from coal-dust and other inflammable 
materials arises only from more prolonged heat or fire. The coal-dust may 
be fired without any visible signs of heat in the electric circuit, but the 
heat must be continued for some time, and this should be prevented by a 
properly arranged system of cut-outs. 

Prevention of Accidents due to Short-circuiting.— Two 

classes of injurious action result in short-circuiting. One may be called 
permanent, and the other accidental. In class No. i, the chief cause 
is the gradual deterioration of the insulation owing to inherent defects 
in the insulating material, which tends to decay, the decay being often 
facilitated by heating of the cable. With the deterioration of the insulating 
material there is an increased tendency for the current to pass through 
the material, and thus in course of months or years the cable that was 
perfectly good when laid down becomes quite useless and dangerous. The 
other permanent causes are those due to the attack of water or damp air, 
or corrosive gas. The effect of water is to corrode the iron armouring 
and to dissolve or otherwise injure the coverings of fibrous material, 
bitumen, lead, and paper, and in this attack the quality of the water is a 
matter of the utmost importance The attack of damp air is similar. 
The attack of corrosive gases can seldom arise except from the smoke due 
to the combustion of coal or shale, and would happen in a furnace shaft, 
or in any other atmosphere charged with smoke. In an upcast shaft with 
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a furnace at the bottom, the fumes of sulphur are likely to mix with 
water on the shaft side, and thus form a highly corrosive mixture. 

The accidental causes are storms on the surface, and many other 
matters of uncertainty which it is not necessary to detail ; in the shafts 
falls of coal-tubs, breakages of ropes, contact with cages, &c. ; and in the 
roadways of the mine damage by coal-waggons getting off the road, falls of 
roof, upheavals of the floor, blows from pickaxes, shovels, &c. Many 
people advocate the use of concentric cables, on the ground that if a 
short-circuit occurs the fire is confined to the cable itself. Others advo 
cate the use of separate cables, on the ground that short-circuiting is 
less likely to occur from a violent accident : thus, a heavy fall of roof 
breaking a concentric cable in two or crushing it flat would almost 
certainly cause a short-circuit at the point of fracture or crushing, but if 
there were two separate cables it would be necessary that each cable 
should be simultaneously so fractured as to be connected with the earth 
before a short-circuit could take place. If these two separate cables were 
in separate roadways it would be exceedingly improbable that simultaneous 
fractures would occur from falls of roof; and even if the two separate 
cables were in the same roadway, but on opposite sides, it is probable 
that one of the cables would escape fracture. 

Detection of Faults. — It must, however, be borne in mind that it 
is quite likely, not to say probable, that in an electric mining circuit there 
is an undetected fault in one of the cables, because, as previously stated, 
there can be no short-circuit unless each cable is connected with the 
earth, so that a fault, however bad, in one cable will probably escape 
notice altogether until the other cable has some fault made in it. If, 
therefore, we wish to reduce the chances of accident to a minimum, care 
should be taken to maintain all the cables always in perfect condition, so 
that no short-circuit can possibly take place except by sudden injury to 
both the cables at once. If this care is taken, not only are the dangers 
reduced to a minimum, but the liability to stoppage of work through 
failure of the electric circuit is also reduced to a minimum, and the cost 
of maintenance and repairs of the cables is not increased in the slightest 
degree, because all faults have to be repaired at some time, and everybody 
will admit that it is much cheaper to repair them before harm has arisen 
than afterwards. For this reason there should be a fault or * ground' 
detector in each generator-room, so that the man in charge can at once 
detect any defect in insulation in any conductor in any part of the mine or 
premises connected with his generators. This defect of insulation being 
only in one conductor of the circuit, which is not earthed, will not cause 
any damage, and if it is repaired before any defect occurs in the other con- 
ductor, no harm will have happened. This detector might be placed in 
duplicate in the manager's oflSce on the top, and also at some convenient 
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place at the pit bottom, so that attention would be immediately called 
to any defect in any one of the cables, and the underground manager would 
then be able to telephone up to the engine-room for information as to the 
position of the fault in the cable, and would be able to give directions 
for the repair of that fault the next time that that cable was out of use. 

Position of Fault— The mere knowledge that there is a fault 
somewhere in one part of a circuit would be of very little use to the 
manager of the mine or electrician in charge. He might be entirely unable 
to ascertain the place of the fault by simply looking at the external casing 
or feeling for damages, andiparticularly in the case of an armoured cable, 
in which it would be impossible to detect any defect in the insulation ; all 
that he might find would be some damage to the exterior. It is therefore 
necessary to ascertain the position of the fault by means of suitable 
electrical apparatus. 

Measuring Position of Fault—The position of a fault in a cable 
is found by measuring the resistance of the cable from the generating 
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station to the fault. For this purpose the apparatus known as Wheatstone's 
bridge is used. This consists of : 

(i) A galvanometer, preferably a D* Arson val mirror galvanometer, 
very sensitive and dead beat. This instrument has a moving coil which 
is suspended vertically by a fine wire, and has attached to it a small 
mirror, and when a current passes through the instrument the needle is 
deflected and the mirror with it. A small lamp is so placed that it throws 
a ray of light through a lens on to the mirror, which reflects the ray as a 
spot of light on to any convenient mark or scale, the motion of the spot 
of light following the motion of the needle. It is necessary to arrange a 
dark place for the use of this instrument. Instead of this, a ' detector ' 
may be used, which is a sensitive portable galvanometer, in which the 
deflection is shown on a needle without a spot of light being necessary. 

(2) A battery consisting of a few galvanic cells, or an accumulator cell. 

(3) A wire of German silver or other high-resistance metal, at least a 
yard long and preferably several yards long; the longer it is the more 

u 



290 



ELECTRICITY AS APPLIED TO MINING 



accurate will be the result, provided that it is of sufficiently uniform cross- 
section. This wire is stretched in several lengths along a scale which may 
conveniently be divided into millimetres. Fig. 187 shows a convenient 
form of this wire, or, in place of the clamps joining the ends of the several 
sections of wire, it may be passed round pulleys, and contact made by 
means of knife-edges attached to copper bars, short-circuiting that part of 
the wire which passes round the pulleys ; by this means a uniform stretch 
is given to all parts of the wire. This is known as the bridge wire. 

(4) A * slider,* so arranged as to make contact with the wire at any 
point, which point can be accurately read on the scale. If the wire and 
scale are mounted on a board this contact may be conveniently mounted 
on a wooden slider running in a groove on the board. 

A diagram showing the principle of the Wheatstone bridge is given in 
lig. 188. Current from the battery, a, passes to the point, b, and divides 

Fig. 188. 
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between the two paths, b c d and b e d, in a ratio depending on the resist- 
ances, a, b^ c, and d. The galvanometer, c, is connected between the points 
c and E, and when the resistance, a, d, c, and d, are such that 

a : d :: c : d, 

then the points c and e must be at the same potential, and no current 
can flow through g. Thus, if the ratio aid and the value of c be known, 
the resistance, d, can be determined. For the purposes of this test ' the two 
leads at the far end of the line are connected together, and the bridge 
connected up as in fig. 189. 

The two parts of the bridge wire on either side of the slider form the 
resistances, a and b, and their ratio is that of the lengths of wire as read 

' The apparatus may be fixed at the generating station, or at the terminals of any 
cables under test, wherever they may be. 
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on the scale. One terminal of the galvanometer is connected to the slider, 
c, the other to earth — i.e, to some line of piping or to a plate buried in 
damp earth or a pond ; earth corresponds to the point, e, in fig. 188, having 
no appreciable resistance. The battery is connected to the ends of the 
bridge wire, and the ends of the cables to the points, b and d. The two 
parts of the cable (in one of which is included the end connection) on 
either side of the fault form the resistances, c and d. The point, f, where 
the fault is situated, is electrically equivalent to the point, e, in fig. 188. The 
slider, <*, is moved about until on making contact there is no deflection of 
the galvanometer ; this shows that the relationship a \h-ss-c \ d has been 
established. The ratio, a : ^, is read off on the scale, and the position of the 
fault can now be calculated if the sectional area of all parts of the cable 

Fig. 189. 
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and the lengths are known. Take first the case in which the area is the 
same throughout. 

Let the resistance of a yard of cable be R ohms, and let the distance 
fi-om the generator to the end of the cable be / yards, the total length of 
cable being 2 / yards ; c = resistance of cable from b to fault ; d = resist- 
ance of cable from d to fault. Then 
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The length of cable having resistance ^ is - ; 

R 

2 / 

/. length of cable to fault = 



T 4- ? yards. 
b 

If the circuit is made up of cables of various sizes, the lengths of the 
smaller sizes must all be reduced to the lengths of the main cable which 
would have the same resistance. Thus, if part of the circuit is composed 
of cable having half the area of the main cable, its length must be 
multiplied by two before being added to the length of the main cable to 
form the length, /. The figure obtained as the distance of the fault will 
not in this case be the true distance, but to obtain the true distance the 
length of large-size cable must be subtracted from it, and the remainder 
divided by two ; this will give the length of the small cable from the 
junction to the fault. 

It is not sufficient to measure the resistance of one cable only to the 
fault, as the fault may itself (if it is not a * dead earth ') have a resistance 
equal to a considerable length of cable. By this method, however, it is 
easily seen that the resistance of the fault is eliminated. 

It will be seen that it is necessary to have all branches, except the one 
in which the fault lies, disconnected at the time of the test, so as to form 
a single continuous circuit. It is easy to find in which branch the fault 
lies by connecting them up separately one by one to the mains, until the 
ground detector indicates a fault. For this purpose, as for many others, it 
would be convenient to have a telephone system all over the mine. 

Another rather less cumbrous method of finding a fault may be used 
in certain cases where alternating current is available. An alternating 
current is passed through the cable in which the fault lies and back 
through the earth by way of the fault. The electrician then walks along 
the cable with a telephone receiver connected to a coil of wire. The 
alternating current in the cable will cause an induced current to flow 
round the coil and produce a buzzing in the telephone receiver. So long 
as the alternating current remains of the same strength, the sound which 
it causes in the receiver will maintain about the same intensity ; when a 
fault is passed, however, the current in the cable will diminish or cease, 
and the sound in the receiver will be similarly affected. Some little 
practice is needed to understand the indications of this instrument. 

The position of a fault having been located, it will be the business of 
the electrician to see that it is repaired at the earliest possible time. If 
this system of testing the cables and repairing them is carried out 
thoroughly, it will be hardly possible for a short-circuit to occur, except as 
the result of some serious accident to the mains, or mischief, and the 
repairs will be effected at the minimum possible cost. 
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Another plan which is frequently adopted for keeping the insulation in 
order is to make insulation tests of the circuits at certain intervals — 
say, every week. For this purpose the ohmmeter, an instrument for 
measuring very large resistances, is used ; it measures the resistance of the 
insulation, and if there is a serious fault in the circuit it will indicate an 
insulation resistance of zero, while if the insulation is in perfect order it will 
register * infinity.' The reading on the ohmmeter does not necessarily imply 
that when there is a fault the resistance is always zero, but it may be only 
a few ohms, which will not be indicated on the ohmmeter, or that when 
the insulation is good its resistance is really infinite, but it may be millions 
of ohms, which the ohmmeter cannot distinguish from infinity. One 
obvious disadvantage of this method over that explained above is that, one 

Fig. 190. 
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fault being formed subsequently to one week's test, another may occur 
before the next week and a short-circuit arise ; whereas with the ground 
detector on the switchboard the first fault would immediately declare itself. 
The ohmmeter also forms a rough way of finding the position of a fault, 
as it can be taken round to different sections of cable and the insulation 
resistance of each determined ; this method, although inferior in efficiency 
and safety to that above described, is adopted in many cases. With some 
installations even this is not done, no systematic attempt being made to 
find the first fault, the secondary ones being repaired as they show them- 
selves. The risks involved in this plan are obvious. 
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The ohmmeter is also a useful instrument for testing the insulation of 
apparatus such as generators, motors, and switches. Its construction is 
shown in diagram form in fig. 190. g is a little magneto-generator turned 
by hand, which should give, when turned at a moderate speed, a voltage 
about the same as that of the supply at the station, because^ the so-called 
insulation resistance depends on the voltage (unlike a true resistance). These 
machines are now made to give voltages up to 1,000. The generator must 
be ordered for the voltage at which the installation is working. The 
generator sends current round two circuits which are connected in parallel ; 
one circuit is formed by the two coils, c c, which control the position of a 
soft iron needle pivoted and attached to the pointer, p. The tendency of 
this current is to point the needle along the axis of the coils, c, and cause 
p to point to the part of the scale marked * Infinity.' 

The other circuit is formed by the coil c' (the axis of which is at right 
angles to that of the coils c), the cable under test, its insulation, and the 
earth. A current passing round this coil tends to deflect the needle along 
its own axis, and the position taken up by the pointer is determined by 
the relative strength of the currents in c and c'. The current in c is 
directly proportional to the voltage generated by c, and the current in c' 
is proportional to this and to the conductivity of the insulation of the 
cable. Thus, the position taken up by the pointer depends solely on the 
insulation resistance of the cable, and is independent of the rate at which 
G is turned (which determines its voltage); an increase in voltage, and 
consequent increase in current, takes equal effect in each circuit, and 
therefore the needle is not affected by such increase. The effect of 
voltage on the insulation resistance pointed out above does not have any 
serious effect with the small range of voltage which would correspond to 
turning the handle a little too quickly or too slowly. 

It is not always necessary that the insulation of the circuit should 
be considered unsatisfactory if the ohmmeter does not register * infinity.* 
A less value may be quite good enough. A good rule is that the insulation 
resistance in megohms should not be less than the figure obtained by 
dividing 10 megohms by the number of amperes at full load. Thus, in the 
case given in the table (page 164) for a 400-volt two-mile transmission, 
the current was 186^ amperes. The minimum insulation resistance of this 

circuit should therefore be -— megohms = '0536 megohm = 53,600 

i86'5 

ohms. If cable of 600 megohms per mile be used, the insulation of the 

cable (four-mile circuit) itself will be — =150 megohms ; but the fittings, 

4 

switches, motors &c. may each have an insulation equal to a few megohms, 
which will soon pull down the total insulation of the circuit. 
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Thus, if we have insulation of cable =150 megohms 

10 motors, of insulation =3 „ each 
50 switches and fittings =5 „ n 

the total insulation resistance being R (and, as the conductivity is the 

reciprocal of the resistance = ^ ), we have for conductivity : 



' = ' + ^ + -^ - 

R 150 3/10 5/50 

150 3 I 

__ I + 500 -f 1,500 _2,OOI 
150 150 

^•^"^ R = -'5°- = -075 megohm.' 

2,001 

And this might easily be reduced further by a little bit of slightly defective 
insulation, or damp. 

The rule for insulation resistance proposed by the Departmental 
Committee on * Electricity in Mines ' is that the leakage current shall not 
exceed one ten- thousandth part of the maximum supply current. In the 
above example the insulation resistance for this standard would work out 
as follows : 

Leakage current allowed — ^ amperes. 
° 10,000 

T 1 .• • . Voltage 400 X 10,000 .^^ 

.-. Insulation resistance = , , ^ — ^ = - q, onms. 

Leakage current 106*5 

400 X 10,000 V 

= ^ o^ megohms = 0*02 14 megs. 

1,000,000 X 1 86*5 

This regulation is, therefore, less stringent than that given above, and 
the rule made by the Board of Trade for electric lighting is less stringent 
still ; the leakage current allowed being one thousandth of the supply 
current, which gives on the above circuit a minimum insulation resistance 
of 0-00214 megohm. For a pressure of 1,000 volts, the first two rules 
mentioned would give the same result, and the first rule would be less 
stringent for higher voltages than the second. The rule finally adopted 
for coal mines is the same as that of the Board of Trade. See Appendix, 
Section I., Rule 6. 

In making a test of the insulation of a circuit, the terminal, Tj, is 
connected with the earth— a water-pipe forms a good earth connection — 
and great care must be taken to be sure that it is a good earth, as upon 
this depends the eflSciency of the test. Care must be taken that all the 
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connections of the circuit are made in such a way that the terminal, 
T,, of the ohmmeter is in electrical connection with every conductor of 
any description which forms a part of the circuit when it is at work. Thus, 
if it is desired to include the generators in the test (and this should be 
done if practicable), all connections must be made as if the entire plant 
were in operation ; the terminal, t,, is then connected to any convenient 
point in the circuit — such as a switch terminal on the switchboard — and 
the test is made ; an open switch somewhere may cause only a part of 
the circuit to be included in the test, and the resulting insulation resistance 
will be higher than is actually the case for the entire installation. It is 
advisable before using an ohmmeter to test the voltage given by the 
generator on a voltmeter, so that the proper speed at which to turn the 
handle may be known. The ohmmeter may be taken to any part of the 
circuit and connected to any part of it, or to any separate generator or 
.motor, or part of it. For instance, it may be connected to the windings of 
the field magnets, or to the armature, and each may be tested separately, 
and each branch line may be tested separately by opening the switches 
connecting with the rest of the circuit. 

Treatment of Electrical Shock.— Electric shock is the result of 

simultaneous contact of the body with two conductors at different potentials. 
Its effect depends mainly on the strength of current passing through the 
body and the time for which it is maintained ; it also depends on the 
physical condition and peculiarities of the subject. A high potential 
shock is more dangerous than a low potential shock, since it tends to 
cause a greater flow of current through the body ; but other conditions, 
such as the extent of contact, the moisture of the skin and clothing, may 
enter into the result and make a low potential shock produce a greater 
flow of current than a high potential shock under different conditions, 
and therefore become more dangerous. 

On a perfectly insulated circuit, contact with one point of the circuit 
and the earth would produce no shock, as the point touched would take up 
earth potential (without appreciable flow of electricity), and there would be 
no through path for the current to take to the other pole. The greater the 
leakage on the circuit, however, the greater the shock which may be 
obtained by contact with a point in the circuit and earth. If contact be 
made with both poles, however, or between one pole and earth when there 
is an earth on the other pole, the current taken will only be limited by the 
resistance of the body. 

With alternating-current circuits, even if perfectly insulated from earth, 
very dangerous shocks may be obtained on high-voltage lines containing 
capacity by contact with one line and earth ; in other respects alternating- 
current shocks are somewhat different in their effects from continuous- 
current, but it is not universally agreed that they are more dangerous at 
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equal voltages. A high potential alternating-circuit containing capacity 
should not be regarded as safe to handle, even when the current has been 
switched off, until it has been connected to earth and so statically discharged. 

It is possible to touch live parts of circuits without inconvenience when 
standing on an india rubber-mat or even on a dry wood floor, but contact 
with metal connected to earth or to another part of the circuit with the 
other hand or part of the body at the same time might have serious results. 
It is a safe rule not to touch any part of an electrical apparatus of any kind 
without thoroughly understanding what one is doing. 

The physiological effect of shock is not completely understood, but its 
practical results are broadly as follows : (i) Contraction and stiffening of 
the muscles. {2) Stoppage or weakening the action of the lungs. (3) 
Stoppage or weakening of the action of the heart. The effect on the 
contraction of the muscles is that on grasping a live part it may be 
impossible to leave go, and a shock which instantaneously taken would not 
be serious may prove fatal. A good habit to get into is to lightly touch 
any part of any electrical apparatus to see if it is alive before grasping it. 
A habit of this kind might result some day in saving one's life. 

A person who has received a severe shock may exhibit the following 
symptoms: (i) Unconsciousness. (2) Cessation of breathing. (3) 
Cessation of the heart's action. (4) Turning blue and green in the face. 
These symptoms do not necessarily indicate death, and remedial measures 
should never be given up until a doctor has pronounced life to be extinct. 
Mr. F. B. Aspinall, in a paper to the Institution of Electrical Engineers 
(vol. xxxi. page 761), gives amongst others the following case of electric 

shock : * B received a 2,000- volt shock from hand to hand but was not 

badly burnt. He was insensible : we could not feel his heart beating, and 
his breath did not cloud a mirror ; his eyes were turned up so that we 
could only see the white of the eyes, his jaw dropped, and thus seeing the 
man I could have been certain he was dead. . . . After forty-five minutes' 
artificial respiration this man recovered.' 

There is no doubt that many people have been given up for dead after 
an electric shock, and also after having been struck by lightning, when 
proper measures would have restored them. 

As to remedial measures, artificial respiration should be applied — 
Dr. Silvester's method, as described in the ambulance books. This has 
been known to be successful after many hours' continuous application by 
relays of workers. 

Dr. Lewis Jones, in a discussion at the Institute of Electrical Engineers 
(vol. xxxi. page 795), in addition to artificial respiration, recommended *the 
elevation of the lower limbs and trunk, the rhythmic traction on the 
tongue which has lately been advocated, and a smart tap over the region 
of the heart repeated a few times in the course of the first half-minute.' 
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The elevation of the body and legs is to send the blood to the brain as 
a remedy for syncope, which may be a result of the shock ; a blow over 
the heart may start that organ again if it has stopped beating, and the 
drawing in and out of the tongue is a form of artificial respiration. 

Hypodermic injections of ether and alcohol beneath the skin are also 
advocated as a means of distending the arteries and so helping the heart's 
action, and it has been suggested that electricians in high-pressure stations 
should be provided with the apparatus and instructed in its use ; in any 
case, it would be desirable to have the apparatus there for the doctor to use 
on his arrival. 

Many of the serious accidents from shock have been due not to the 
normal voltage of the system, but to the very high pressures which are set 
up on suddenly breaking the circuit, especially in the field coils of a motor. 
A man took hold of the terminals of a motor at a colliery thinking the 
current was off; the field circuit, however, was connected up. He could 
not get away, and a man who was with him sw^itched off the current, with 
the result that the induced discharge passed through him and he was 
killed. A better plan would have been to seize his arm on the clothing 
and try to pull it oflf the terminal. Dry clothing is a good insulator, and a 
man in contact with live metals may .safely be seized thereby ; but to take 
him by a bare part or under the armpits, where the clothing is apt to be 
damp, is attended with risk. When current is being switched off a 
machine, it is a good plan to keep clear of the frame, as that is a time 
when an incipient fault may develop and an existing fault becomes most 
dangerous. 
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SPECIAL RULES FOR THE INSTALLATION AND USE OF 
ELECTRICITY, ISSUED BY THE HOME OFFICE UNDER 
THE COAL MINES REGULATION ACT, 1887. 

{Adopted 1905.) 

The following Rules shall be observed, as far as is reasonably practicable y 
in the mine, 

Definitioiis. 

The expression * pressure' means the difference of electrical potential 
between any two conductors through which a supply of energy is given, or 
between any part of either conductor and earth as read by a hot wire or 
electrostatic volt-meter, and 

{a) Where the conditions of the supply are such that the pressure at 
the terminals where the electricity is used cannot exceed 250 volts, the 
supply shall be deemed a low-pressure supply. 

ib) Where the conditions of supply are such that the pressure at the 
terminals where the electricity is used, between any two conductors, or 
between one conductor and earth, may at any time exceed 250 volts, but 
cannot exceed 650 volts, the supply shall be deemed a medium-pressure 
supply. 

(c) Where the conditions of supply are such that the pressure at the 
terminals where the electricity is used, between any two conductors, or 
between one conductor and earth, may at any time exceed 650 volts, but 
cannot exceed 3,000 volts, the supply shall be deemed a high-pressure 
supply. 

id) Where the conditions of supply are such that the pressure at the 
terminals where the electricity is used, between any two conductors, or 
between one conductor and earth, may at any time exceed 3,000 volts, the 
supply shall be deemed an extra high-pressure supply. 

Section I. — General. 

r. ia) All electrical apparatus and conductors shall be sufficient in size 
«ind power for the work they may be called upon to do, and, so far as is 
reasonably practicable, efficiently covered or safeguarded, and so installed, 
worked and maintained as to reduce the danger through accidental shock or fire 
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to the minimun), and shall be of such construction, and so worked that the rise 
in temperature caused by ordinary working will not injure the insulating 
materials. 

{b) In any place or part of a mine where General Rule No. 8 of the Coal 
Mines Regulation Act, 1887, applies, the covering shall be constructed so that, 
as far as is reasonably practicable, there is no danger of firing gas by sparking 
or flashing which may occur during the normal or abnormal working ot the 
apparatus. 

{c) All metallic coverings, armouring of cables, other than trailing cables, 
and the frames and bedplates of generators, transformers, and motors other than 
portable motors shall, as far as is reasonably practicable, be efficiently earthed 
where the pressure at the terminals where the electricity is used exceeds the 
limits of low pressure. 

2. Where a medium -pressure supply is used for power purposes, or for 
arc lamps in series, the wires or conductors forming the connections to the 
motors, transformers, arc lamps, or otherwise in connection with the supply, 
shall be, as far as is reasonably practicable, completely enclosed in strong 
armouring or metal casing efficiently connected with earth, or they shall be 
fixed at such a distance apart, or in such a manner, that danger from fire or 
shock may be reduced to the minimum. This rule shall not apply to trailing 
cables. 

3. Where a medium-pressure supply is used for incandescent lamps in 
series the wires or conductors forming connections to the incandescent lamps, 
or otherwise in connection with the supply, shall be, as far as is reasonably 
practicable, completely enclosed in strong armouring or metal casing efficiently 
connected with earth, or they shall be fixed at such a distance apart, or in such 
a manner that danger from fire or shock shall be reduced to the minimum. 

4. Motors of coal cutting and such other portable machines shall not be 
used at a pressure higher than medium pressure. No transformer used for 
supplying current at a pressure higher than medium pressure, and no motor 
using such current, shall be of less normal rating than 20 b.h.p. for use under- 
ground. 

No higher pressure than a medium pressure shall be used in any place or 
part of the mine to which General Rule No. 8 of the Coal Mines Regulation 
Act, 1887, applies. 

5. No higher pressure than a medium-pressure supply shall be used 
other than for transmission or for motors, and the wires or conductors other 
than overhead lines above ground forming the connections to the motors or 
transformers or otherwise in connection with the supply shall be completely 
enclosed in a strong armouring or metal casing efficiently connected with earth, 
or they shall be fixed at such a distance apart, or in such a manner that danger 
from fire or shock shall be reduced to the minimum. 

The machines, apparatus, and lines shall be so marked as to clearly 
indicate that they are high pressure, either by the use of the word * Danger ' 
at frequent intervals, or by red paint properly renewed when necessary. 

6. The insulation of every complete circuit other than telephone or signal 
wires used for the supply of energy, including all machinery, apparatus, and 
devices forming part of or in connection with such circuit, shall be so 
maintained that the leakage current shall, so far as is reasonably practicable, not 
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exceed y^^ of the maximum supply current, and suitable means shall be 
provided for the immediate localisation of leakage. 

7. In every completely insulated circuit, earth or fault detectors shall be 
kept connected up in every generating and transforming station, to show 
immediately any defect in the insulation of the system. The readings of these 
instruments shall be recorded daily in a book kept at the generating or 
transforming station or switch-house. 

8. Main and distribution switch and fuse boards must be made of 
incombustible insulating material, such as marble or slate free from metallic 
veins, and be fixed in as dry a situation as practicable. 

9. Every sub-circuit must be protected by a fuse on each pole. Every 
circuit carrying more than 5 amperes up to 125 volts or 3 ampdres at any 
pressure above 125 volts, must be protected in one of the following alternative 
methods : 

{a) By an automatic maximum cut-out on each pole. 

(b) By a detachable fuse on each pole, constructed in such a manner 
that it can be removed from a live circuit with the minimum risk of shock. 

(c) By a switch and fuse on each pole. 

10. Fire buckets, filled with clean, dry sand, shall be kept in electrical 
machine rooms, ready for immediate use in extinguishing fires. 

No repair or cleaning of the live parts of any electrical apparatus except 
mere wiping or oiling shall be done when the current is on. 

Gloves, mats, or shoes of india-rubber or other non-conducting material 
shall be supplied and used where the live parts of switches or machines 
' working at a pressure exceeding the limits of low pressure, have to be handled 
for the purpose of adjustment. 

11. A competent person shall be on duty at the mine when the electrical 
apparatus or machinery is in use ; and at such time as the amount of electricity 
delivered down the mine exceeds 200 b.h.p., a competent person shall be on 
duty at the mine above ground, and another below ground. Every person 
appointed to work any electric apparatus shall have been instructed in his duty 
and be competent for the work that he is set to do. 

12. No person shall wilfully damage, interfere with, or without proper 
authority remove or render useless any electric line or any machine, apparatus, 
or part thereof, used in connection with the supply or use of electricity. 

13. Instructions shall be posted up in every generating, transforming, and 
motor house containing directions as to the restoration of persons suffering 
from electric shock. 

14. Direct telephonic or other equivalent means of communication shall 
be provided between the surface and the pit bottom or main distributing centre 
in the pit. 

1 5. Within three months after the introduction into any mine of electric 
motive power, notice in writing must be sent to H.M. Inspector of Mines for 
the district Notice must also be sent of any existing electric motive power 
installation at any mine within three months after the coming into force of 
these rules. 

16. A plan shall be kept at the mine showing the position of all permanent 
electrical machinery and cables in the mine, and shall be corrected as often as 
may be necessary to keep it up to a date not more than three months previously. 
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Section II. — Generating Stations and Machine Rooms. 

17. Where the generating station under the control of the owner or 
manager of the mine is not within 400 yards of the working pit mouth, an 
efficiently enclosed locked switch box or boxes, or a switch-house, shall, where 
reasonably practicable, be provided near the pit mouth, for cutting off the 
supply of electricity to the mine. 

18. There shall be a passage way in front of the switchboard of not less 
than 3 ft. in width, and if there are any connections at the back of the switch- 
board, any passage way behind the switchboard shall not be less than 3 ft. 
clear. This space shall not be utilised as a storeroom or a lumber room, or 
obstructed in any manner by resistance frames, meters, or otherwise. If space 
is required for resistance frames or other electrical apparatus behind the board 
the passage way must be widened accordingly. 

No cable shall cross the passage way at the back of the board except 
below the floor, or at a height of not less than 7 ft. above the floor. 

The space at the back of the switchboards shall be properly floored, 
accessible from each end, and, except in the case of low-pressure switch-boards, 
must be kept locked up, but the lock must allow of the door being opened 
from the inside without the use of a key. The floor at the back shall be 
incombustible, firm and even. 

19. Every generator shall be provided with a switch on each pole between 
the generator and the bus-bars. 

Where continuous-current generators are paralleled, reversed current cut- 
outs shall also be provided. 

Suitable instruments shall be provided for measuring the current and 
pressure of each generator. 

Every feeder circuit shall at its origin be provided with an ammeter. 

20. If the transmission lines from the generating station to the pit are 
overhead there shall be lightning arresters in connection with the feeder circuits. 

21. Automatic cut-outs must be arranged so that when the contact lever 
opens outwards no danger exists of striking the head of the attendant. If 
unenclosed fuses are used they must be placed within 2 ft. of the floor or be 
otherwise suitably protected. 

Where the supply is at a pressure exceeding the limits of medium pressure, 
there shall be no live metal work on the front of the main switchboard within 8 ft. 
of the floor or platform, and the space provided under Rule No. 18 of this section 
shall be not less than 4 ft. in the clear. Insulating floors or mats shall be 
provided for medium pressure boards where live metal work is on the front 
or back. 

22. All terminals and live metal on machines over medium pressure above 
ground, and over low pressure under ground, where practicable shall be pro- 
tected with insulating covers or with metal covers connected to earth. 

23. No person other than an authorised person shall enter a machine or 
motor room, or interfere with the working of any machine, motor, or apparatus 
connected therewith. 
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Section III. — Cables. 

24. All conductors (except as hereinafter provided) shall in every case be 
maintained completely insulated from earth, but it is permissible to use the 
concentric system with earthed outer conductor, if proper arrangements are made 
to reduce the danger from fire or shock to the minimum, but the neutral point 
of polyphase systems and the middle wire of three-wire continuous-current 
systems may be earthed at one point. 

25. Unless fixed as far as is reasonably practicable out of reach of injury, 
all conductors, other than armoured cables, must further be protected by a suit- 
able covering. Where lead-covered cable is used the lead shall be earthed, 
and electrically continuous throughout. 

The exposed ends of cables where they enter the terminals of switches, fuses, 
and other appliances, must as far as is reasonably practicable be properly 
protected and finished off so that moisture cannot creep along the insulating 
material within the waterproof sheath, nor can the insulating material, if of an 
oily nature, leak out of the cable. 

26. All joints must be mechanically and electrically efficient, and, where 
reasonably practicable, must be suitably soldered. In any place or part of a 
mine where General Rule No. 8 of the Coal Mines Regulation Act, 1887, applies, 
suitable joint boxes must be used, and the conductors connected by means of 
metal screw clamps, connectors or their equivalent, constructed in a safe 
manner. Provided that in any place or part of a mine where a shot may be 
fired, joints may be soldered by or in the presence of a person authorised in that 
behalf by the manager, but the same precautions in regard to examination and 
removal of workmen as are prescribed by paragraphs (/) and (/) of General 
Rule 12 shall be observed in all cases, and where the place is dry and dusty, 
also the precautions as to watering prescribed by paragraph (A), Wires, other 
than signalling wires, or cables must not be joined by merely twisting them 
together. 

27. Overhead bare wires on the surface must be efficiently supported upon 
insulators, and clear of any traffic, and provided with efficient lightning 
arrestors. 

28. All cables used in shafts must be highly insulated and substantially 
fixed. Shaft cables, not capable of sustaining their own weight, shall be 
properly supported at intervals varying according to the weight of the cable. 
Where the cables are not completely boxed in and protected from falling 
material, space shall be left between them and the side of the shaft that they 
may yield, and so lessen a blow given by falling material. 

29. Where the cables in main haulage roads cannot be kept at least 1 foot 
from any part of the tub or tram, they shall be specially protected. When 
separate cables are used they shall, if reasonably practicable, be fixed on 
opposite sides of the road. 

The fixing with metallic fastenings of cables and wires not provided with 
metallic covering to walls or timbers is prohibited. 

Cables underground when suspended shall be suspended by leather or 
other flexible material in such a manner as to allow of their readily breaking 
away when struck, before the cables themselves can be seriously damaged. 
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Where main or other roads are being repaired, or blasting is being carried 
out, suitable temporary protection must be used so that the cables are reasonably 
protected from damage. 

30. Trailing cables for portable machines shall be specially flexible, 
heavily insulated, and protected with either galvanised steel wire armouring, 
extra stout braiding, hose pipe, or other effective covering. Trailing cables 
shall be examined at least once in each shift by the person in charge of the 
machine, and any defects in them promptly repaired. 

At points where the flexible conductors are joined to the main cables, a 
flxed terminal box must be provided, and a switch shall be fixed close to or in 
the terminal box capable of entirely cutting off the supply from the teiininal 
box and motor. 

Section IV. — Switches, Fuses, and Cut* outs. 

31. Fuses and automatic cut-outs shall be so constructed as effectually to 
interrupt the current when a short circuit occurs, or when the current through 
them exceeds the working current by 200 per cent Fuses shall be stamped or 
marked, or shall have a label attached, indicating the current with which they 
are intended to be used, or where fuse wire is used each coil in use shall 
be so stamped or labelled. Fuses shall only be adjusted or replaced by an 
authorised person. 

32. All live parts of switches, fuses, and cut-outs not in machine rooms, 
or in compartments specially arranged for the purpose, must be covered. 
These covers must be of incombustible material, and must be either non- 
conducting or of rigid metal, and, as far as practicable, clear of all internal 
mechanism. 

33. All points at which a circuit, other than those for signals, has to be 
made or broken shall be fitted with proper switches. The use of hooks or 
other makeshifts is prohibited, and in any place or part of a mine where 
General Rule No. 8 of the Coal Mines Regulation Act, 1887, applies, the use 
of open-type switches, fuses, and cut-outs is prohibited ; they must either be 
enclosed in gas-tight boxes, or break under oil. 

Section V. — Motors. 

34. All motors, together with their starting resistances, shall be protected 
by switches capable of entirely cutting off the pressure, and fixed in a convenient 
position near the motor, and every motor of lo-b.h.p. or over in a machine room 
underground shall be provided with a suitable ammeter to indicate the load put 
upon the machine. 

35. Where unarmoured cables or wires pass through metal frames or into 
boxes or motor casings, the holes must be substantially bushed with insulating 
bushes, and, where necessary, with gas-tight bushings which cannot readily 
become displaced. 

36. Terminal boxes of portable motors must be securely attached to the 
machine, or be designed to form a part thereof. 

37. In any place or part of a mine where General Rule No. 8 of the Coal 
Mines Regulation Act, 1887, applies, all motors, unless placed in such rooms as 
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are separately ventilated with intake air, shall have all their current-carrying 
parts, also their starters, terminals, and connections completely enclosed in flame- 
tight enclosures, made of uninflammable material, and of sufficient strength as 
not to be liable to be damaged should an explosion of firedamp occur in the 
interior, and such enclosures shall not be opened except by an authorised person, 
and then only when the current is switched off. The pressure shall not be 
switched on while the enclosures are open. 

38. In any place or part of a mine where General Rule No. 8 of the Coal 
Mines Regulation Act, 1887, applies, a safety lamp or other suitable apparatus 
for the detection of firedamp shall be provided for use with each machine when 
working, and should any indication of firedamp appear on the flame of the 
safety lamp or other apparatus used for the detection of firedamp, the person 
in charge shall immediately stop the machine, cut off the current at the gate end 
or nearest switch, and report the matter to an official of the mine. 

39 (a) A coal-cutter motor shall not be kept continuously at work for a 
period of time exceeding a maximum period which shall be specified in writing 
by the manager, so that the roof may be carefully examined. 

(d) The casing or inspection doors of all portable motors used underground 
and the casings of their switches and other appliances shall at least once a week 
be opened by a competent person appointed by the manager, and the parts so 
disclosed shall be cleaned and examined before the coverings are replaced. In 
special cases requiring a motor to run continuously longer than one week, 
the motor shall be examined at the end of the run. A report of such examina- 
tion shall be entered in a report book. 

40. The person in charge of a coal-cutter or drilling machine shall not 
leave the machine while it is working, and shall, before leaving the working 
place, see that the current is cut off from the trailing cables. He must not allow 
the cables to be dragged along by the machine. No repairs shall be made to 
any portable machine until the pressure has been cut off from the trailing 
cables. 

41. If any electric sparking or arc be produced outside a coal-cutting or 
other portable motor or by the cables or rails, the machine shall be stopped, 
and not be worked again until the defect is repaired, and the occurrence shall 
be reported to an official of the mine. 

Section VI. — Electric Locomotives. 

42. Electric haulage by locomotives by the trolley wire system is not 
permissible in any place or part of a mine where General Rule No. 8 of the 
Coal Mines Regulation Act, 1887, applies. On this system no pressure 
exceeding the limits of medium pressure may be employed. 

43. In underground roads the trolley wires must be placed so that they 
are at least 7 ft. above the level of the road or track, or elsewhere, if sufficiently 
guarded, or the pressure must be cut off from the wires during such hours as 
the roads are used for travelling on foot in places where trolley wires are fixed. 
The hours during which travelling on foot is permitted shall be clearly indi- 
cated by notices and signals placed in a conspicuous position at the ends of 
the roads. At other times no one other than a duly authorised person shall be 
permitted to travel on foot along the road. 
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On this system either insulated returns or uninsulated metallic returns of 
low resistance may be employed. 

44. In order to prevent any other part of the system being earthed 
(except when the concentric system with earthed outer conductor is used) the 
current supplied for use on the trolley wires with an uninsulated return shall 
be generated by a separate machine, and shall not be taken from or be in 
connection with electric lines othen^'ise completely insulated from earth. 

45. If storage battery locomotives are used in any place or part of a mine 
where General Rule No. 8 of the Coal Mines Regulation Act, 1887, applies, the 
rules applying to motors in such places shall also be • deemed to apply to the 
boxes containing the cells. 

Section VII.— Electric Lighting. 

46. All arc lamps shall be so guarded as to prevent pieces of ignited 
carbon falling from them, and shall not be used in situations where there is 
likely to be danger from the presence of coal-dust. They should be so screened 
as to prevent risk of contact with persons. 

47. Small wires for lighting circuits must be either conveyed in pipes or 
casings, or suspended from porcelain insulators, or tied to them with some non- 
conducting material which will not cut the covering, and so that they do not 
touch any timbering or metal work. On no account must staples be used. If 
metallic pipes are used they must be electrically continuous and earthed. If 
separate uncased wires are used they must be kept at least 2 in. apart, and not 
brought together except at lamps or switches or fittings. 

48. In any place or part of a mine where General Rule No. 8 of the Coal 
Mines Regulation Act, 1887, applies, electrical lamps, if used, must be of the 
vacuum or enclosed type ; they shall be protected by gastight fittings of strong 
glass, and have no flexible cord connections, and shall only be changed by a 
duly authorised competent person. While the lamps are being changed the 
current shall be switched off. 

49. In all machine rooms and other places underground, where a failure of 
electric light is likely to cause danger, some safety lamps, or other proper lights, 
shall be kept for use in the event of such failure. 



Section VIII.— Shot-Firing. 

50. Electricity from lighting or power cable shall not be used for firing 
shots, except in sinking shafts or stone drifts, and then only when a special 
firing plug, button, or switch is provided, which plug, button, or switch shall 
be placed in a fixed locked box, and shall only be accessible to the authorised 
shot-firer. 

The firing cables or wires shall not be connected to this box until imme- 
diately before it is required for the firing of shots, and shall be disconnected 
immediately after the shots are fired. 

When shot-firing cables or wires are used in the vicinity of power or 
lighting cables, sufficient precautions shall be taken to prevent the shot-firing 
cables or wires from coming in contact with the lighting or power cables. 
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The foregoing rules shall twt apply to telephone^ telegraphy and signal wires ^ 
to which the rules of this section only shall apply. 

Section IX.— Signalling. 

51. All proper precautions must be taken to prevent electric signal and 
telephone wires from coming into contact with other electric conductors, whether 
insulated or not. 

52. Contact makers or push buttons of electric signalling circuits shall be 
so constructed and placed as to prevent the circuit being accidentally closed. 

53. In any place or part of a mine where General Rule No. 8 of the Coal 
Mines Regulation Act, 1887, applies, bare wires shall not be used for signalling 
circuits except in haulage roads, and the pressure shall not exceed 1 5 volts in 
any one circuit. 

Section X. — Electric Relighting of Safety Lamps. 

* 

54. In mines to any place or part of which General Rule No. 8 of the Coal 

Mines Regulation Act, 1887, applies, when safety lamps are relighted under- 
ground by electricity, the manager shall select a suitable station or stations, 
which are not in the return airway, and in which there is not likely to be any 
accumulation of inflammable gas ; and no electric relighting apparatus shall be 
used in any other place. All electrical relighting apparatus shall be securely 
locked, so as not to be available for use except by persons authorised by the 
manager to relight safety lamps, and such persons shall examine all safety 
lamps brought for relighting before they are re-issued. 

Section XI. —Exemptions and Miscellaneous. 

55. Notwithstanding anything contained in these rules, any electrical plant 
or apparatus installed or in use before the coming into force of these rules may 
be continued in use unless an inspector shall otherwise direct, or subject to any 
conditions affecting safety that he may prescribe. 

In case any difference of opinion shall arise between an inspector and an 
owner under this Rule, the same shall be settled as provided in section 42 of 
the Coal Mines Regulation Act, 1887. 

56. Any of the foregoing requirements shall not apply in any case in which 
exemption is obtained from the Secretary of State, on the ground either of 
emergency or special circumstances, on such conditions as the Secretary of 
State may prescribe. 
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NOTES ON THE HOME OFFICE RULES 

It will be found that practically all the dangers contemplated by these rules 
have been very fully dealt with in the body of this work, and the general con- 
clusions arrived at will for the most part be found to be in accordance with the 
tendency of the rules. It cannot, however, be too strongly insisted on, that 
mere compliance with these rules, or any set of rules however detailed, is not 
enough to ensure the safety of an installation and of the persons employed 
about it. 

The rules necessarily allow a very large discretion to the management of 
the mine, to take whatever precautions may be necessary for the particular 
circumstances of each case ; any attempt on the part of the framers of the 
rules to do more than this would have led to vexatious and hampering restric- 
tions, which would probably have had the effect of making the use of electricity 
impossible in many cases where it could otherwise have been used with safety 
and advantage. It is just as necessary — in fact more necessary — to take the 
additional precautions mentioned in the body of this work, and such others 
as common sense and experience may dictate, as it is in the working of a coal 
mine to take precautions which are not compulsory under the Coal Mines 
Regulations Acts and General and Special Rules. 

It remains to notice a few points in the rules which may require explanation 
or discussion. 

Section I. opens (Rule i (a) ) with some general advice on the necessity of 
having everything of the best. There can, of course, be no Economy in buying 
cheap plant, or installing it in a cheap way, if we thereby increase the liability 
to breakdown or accident. This general maxim is peculiarly true of electrical 
plant. 

Rule I (d). — For parts of a mine * in which there is likely to be any such 
quantity of inflammable gas as to render the use of naked lights dangerous,' 
nothing can be better than a totally enclosed gas-proof motor (see p. 71). 

Rules I (c) to 5 introduce the question of the earthing of motor frames and 
cable armouring. Probably the greatest difliculty which will be experienced by 
mining engineers in carrying out the rules will be in the provision of efficient 
earth connections. 

An earth connection for conveying a small current such as is required for a 
telephone or signal circuit is not difficult to obtain, but it is not always easy to 
obtain an earth connection which will safely carry away the current which comes 
from a fault on an electric power or lighting circuit. 

The rails even on a thoroughly wet road must on no account be used as an 
earth connection. A case occurred a short time ago where a motor frame was 
connected to rails on a ver}' wet road. The rails were for twenty or thirty yards 
almost covered with water and mud ; a fault occurred on the motor, and a horse 
standing on the rails was killed, and a shock was experienced by a man in 
contact with the rails a hundred yards away. Even connection to a pump 
main cannot be regarded as wholly satisfactory inasmuch as if the main does 
not make a thoroughly good earth, the whole of the metal in connection with 
it becomes alive when a fault occurs. Probably the safest plan is to use an 
earth plate entirely unconnected with other metal : if this plate is not a good 
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earth the danger is at any rate not extended over the rails or a range of pipes. 
The earth plate should be of copper with a cable soldered to it connected to the 
frame or armouring which is to be earthed. The plate should be at least 
two feet square, and should be buried in coke breeze and kept thoroughly wet. 
A coil of old cable with the insulation removed having an equivalent surface 
area may be used instead of a plate. Unless it is certain that a good earth can 
be obtained armoured cables are a source of danger, and the alternatives 
allowed in the rules should be adopted in its place. 

Rule 6. — Leakage indicators and fault detectors are now made by many 
firms to comply with this rule ; they mostly measure the relative insulation and 
leakage of the two mains, but are said to be officially recognised as comj^ying 
with the rules. 

They are a form of the fault-detecting voltmeter mentioned on p. 130, and 
are calibrated in milliamp^res of leakage current, in ohms of insulation resist- 
ance, or in volts of difference of potential between line and earth. The same 
instrument may be calibrated in all three ways. 

Rule 7. — It is generally regarded as sufficient if the earth detector is pro- 
vided with a switch to be connected to the circuit when necessary. If it is 
* kept connected up,' as implied by the letter of this rule, its earth connection 
provides the first fault necessary before a second fault can produce a short 
circuit, and so the rule is made to defeat its own object. (See p. 283.) 

Rule I a — The sand mentioned in this rule must, of course, only be used in 
the case of actual fire ; a cable, for instance, of which the insulation was in flame 
could be effectually dealt with in this way ; the promiscuous throwing of sand on 
anything that gets hot may result in considerable trouble and damage. Water 
is, of course, disastrous in connection with electrical fires, causing short-circuiting 
and earthing, and is more likely to increase fire than diminish it. 

Section II. Rule 19.— A reverse current cut out is an electro-magnetic 
instrument which automatically opens the circuit when a current goes through 
it in the opposite direction to that which it is intended to carry. When direct 
current generators are run in parallel, if for any reason the voltage of one 
should fall below that of the others, current will flow through it in a reverse 
direction and run it as a motor. A reverse current cut out is sometimes inserted 
in each generator circuit to prevent this action from continuing. 

\ feeder circuit may be taken as any distributing current starting from the 
generating room switchboard. Whether a circuit starting from a distributing 
centre elsewhere is a feeder circuit, is a point on which there might be differ- 
ence of opinion. 

Rule 20. — Lightning arresters (see page 123). These would usually be fixed 
to the feeder circuit on the back of the main switchboard. 

Rule 21. — A simple way of protecting an unenclosed fuse for low voltages 
is by slipping it through a piece of asbestos tube. This should also be done in 
the case of fuses in iron cases, or better still the case should be lined with a 
non-conducting non-inflammable material ; this prevents arcing between the 
fuse and the case. 

Section III. Rule 25. — Electrically continuous throughout. That is to say, 
wherever a break is made in the lead covering, for instance, at a junction box, 
there shall be a metallic connection between the lead on one side of the break 
and that on the other side, such that a current can pass between them. The 
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second part of this rule applies mainly to paper insulated cables ; there is no 
waterproof sheath to an india-rubber or bitumen insulated cable. 

Rule 29. — It is convenient to have the cables so fixed that they can be 
lowered on to the floor and covered up while repairs are going on, and replaced 
by unskilled men. No one should be allowed to fix up a cable in any way 
involving the use of nails except a properly qualified man. 

Rule 30. — Wire armouring is an undesirable covering for trailing cables, as 
it can seldom be efficiently earthed, and so any fault in the cable is a source of 
danger to the men who must be constantly handling it. Leather or strong 
braiding is a better protection. 

Section V. Rule 37.— It is difficult to avoid regarding it as a matter for 
regret that an exception to this rule is not made in favour of the polyphase 
induction motor with a squirrel-cage rotor. The most dangerous part of a coal- 
cutting machine as regards the firing of gas is undoubtedly the trailing cable : 
this cannot be enclosed in a gas-proof case, and is liable to blows at any time, 
which may cause short-circuiting and arcing. If a seam is so fiery that it is 
not safe to introduce a squirrel-cage motor (a piece of apparatus which is most 
unlikely to produce a spark of any kind) without enclosing it in a flame-tight 
case, it is quite certain that a trailing cable in such a seam is a most dangerous 
thing, and should on no account be allowed. 

It should be remembered, however, that a coal-cutter motor and a trailing 
cable are both low-lying objects, and there are not many seams in which there is 
likely to accumulate without warning such a quantity of inflammable gas as to 
render them dangerous. One would be inclined to say that where it is safe to 
fire shots, it is certainly safe to use an open motor of the squirrel-cage type. 
The disadvantage, of course, of enclosing a motor is that it increases the 
liability to heating and consequent breakdown of the insulation. 
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A CCUMULATOR, i8 

Ackroyd & Best safety lamp, 254 
Ackton Hall Colliery, Hurd coal-cutter, 
203 

installation of turbine dynamos, icx) 
Advantage of low-tension current, 160 
Agglomerate-block Leclanche cell, 14 
Alternating-current, 27, 158, 173 

electro-motors, 53 

elementary principle of, 46 

periodicity, 29 

transformers, 60 
Alternating multiphase motors, 75 
Alternators, 27 

iii.C.C^*, 34 
Aluminium conductors, 132 
Ammeter, 127, 129 
Ampere, 6 
Arc lamps, 230 

enclosed type, 230 

system, electric welding, 267 
Armature, 32 

core, 39 

drum -wound, 39 

ring-wound, 40 
Arrangement of cables to avoid fire, 280 

of engine-house, engines, dynamos, 
&c., 95 
Arresters, lightning, 123 
Asynchronous motors, 53 
Atmospheric electricity, i 
Averaging distance to which power is 
taken, 169 



gAIRD coal-cutter, 218 

Bar machine, modifications of, 205 
Bar magnet, 3 
Battery, ii, 17 
house, 25 
Beehive coke oven, 78 
Bell's Cleveland ironstone-mines, electric 

drills in, 256 
Bells, signal, 234 
Belt-driven pumps, 184 
Belt-driving, 84 

Belts, horse-power transmitted by, 85 
Benardos system of welding, 267 
Birkenhead Electricity Works, test of 

plant, 88 
Blasting, electric, advantages of, 239 

firing from lighting or power mains, 

243 

high-tension system, 240 

low-tension S3rstem, 240 
Board of Trade unit, 8 
Boiler plant, working costs of, 155 
Brake horse- power, 87 
British thermal unit, 8 
British Thomson -Houston hauling drum, 
190 

electric locomotive, 196 
Browett & Lindley engine, 44 
Brown, Edward, high-tension lighting oil 

safety lamps, 255 
* Buckling ' in secondary cells, 21 
Burning of inferior fuel, 78 
Byng-Hawkins dynamo, 44 
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/^ABLE, arrangement of, to avoid fire, 
280 
concentric, 136, 137 
construction of, 134 
erection of, 143 
heating of, 165, 176 
in shaft, cost of putting, 145 
insulation of, 134 
loss in, 137, 162 
method of carrying down shaft, 145, 

221 
overhead, 175 
reduction in cost by increasing size of, 

171 
rules for size, 137, 166 

sizes of, 133, 141 

suspender, 143 

tensile tests of copper, 147 
Cable-carrying in workings, 145, 283 
Callender's fuse and switch box, 125 

gate end switch box, 219 

system, 150 
Calorie, 7 
Carporous cell, 14 
Cells, carporous, 14 1 

Century, 15 I 

Daniell's, 11 

double fluid, 9 I 

I). P., 20 I 

dry, 9» 17 I 

galvanic, 10 

Headland, 21 

Leclanch^, 12 

i^lomerate-block, 14 

Plants, 19 

primary, 9 

secondary, 17 

efficiency of, 23 

single fluid, 9 

voltaic, 10 
Central electrical plants, 153 
Centrifugal pumps, 185 
Century cell, 15 

Chemical effect of electric current, 5 
Circuit, electric, 2 



Clarke & Steavenson's coal-cutter, 205 
Cleveland Mines, electric drills in, 256 
Coal-cutter, Baird, 218 

Clarke & Steavenson's, 205 

Diamond, 208 

Goodman electric, 217 

Heppell & Patterson, 205 

Hurd, 201 

Jeffrey bar machine, 205 
chain machine, 215 
longwall machine, 212 

I<ee, 205 

Morgan-Gardner electric pick ma- 
chine, 200 
Coal-cutters, chain machines, 215 

disc machines, 205 

electric pick machines, 200 

modifications of revolving bar ma- 
chines, 205 

number in use, 199 

revolving bar machines, 201 
Coal-cutting by electricity, 198 
Coal- cutting machines, short - circuiting 

with, 286 
Coal heading machine, Stanley's, 218 
Coke ovens, utilisation of waste heal, 78 

beehive, 78 
Colliery consumption, 86 

installations, 84 
Combined plant at Derbyshire colliery, 228 
Commutator, 38 
Compound dynamo, 43 

engines, 81 
Compressed air, transmission of power by, 

276 
Conductors, details of, 141 

in vertical shafts, 145, 282 
Continuous current, 27 

high-tension, 173 
Core, armature, 39 
Cost of electric station estimate, 1 56 

high-tension concentric cable, 161 

working 510 h. p. water-power plant, 

working 1,000 h.p. steam plant, 76 
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Costs, working, 175 

Coulomb, 8 

Current, alternating, 27, 1 58 

continuous, 27, 157 

Foucault, 39 

lag, 47 

of electricity, 2 

properties of an electric, 3 

single-phase, 34 

three-phase, 36 

two'phase, 34 

unit, 6 
Curtis turbine, 105 
Cut-outs, 124 

magnetic, 126 



'PJANGERS from heat of conductors, 
&c., 176 

of electricity, 280 
Daniell cell, 1 1 

D'Arsonval galvanometer, 289 
Davis & Sons' low-tension lamp, 254 

signal bell, 235 
Davis's junction box, 1 52 
Deacon's system of carrying cables, 149 
Decomposition of water, 5 
De Laval steam turbine, lOi 

steam consumption of, 105 

weight and dimensions of, 103 
Derbyshire Colliery, electric plant, 228 

three-phase hauling plant, 229 
Description of electrical current, 157 
Destructor, Meldrum's refuse, 79 
Details of conductors, dimensions, capa- 
city, weight, &c., 141 
Detection of faults, 288 
Detonators, electric, 239 
Diamond coal-cutter, 208 

chain coal-cutter, 218 
Di-electric, 134 

thickness of, 134 
Direct current, 27 

transformers, 60 
Disc coal-cutting machines, 205 



Distance to which power is taken, averag- 
ing, 169 
Distribution of current in shafts and work- 
ings, 145 
Distribution of electrical energy, series 
system, 108 
three-phase system, 1 1 1 
three-wire parallel system, 109 
two-phase four-wire system, no 
two-phase three-wire system, 1 10 
two- wire parallel system, 108 
Double fluid cell, 9, 12 
Double leather belting, h.p. transmitted 

by, 84 
Double-pole liquid switch, 121 
D. P. secondary cell, 20 
Drill, Gardner electric, 264 

Grant's electric, 259 

Jeffrey electric, 261 

Marvin electric, 263 

Wicksteed's shop drill, 266 
Drop of voltage, 1 19 
Drum-wound armature, 39 
Drj' cell, 9, 17 
Dynamic electricity, 27 
Dynamo, 27 

compound, 43 

direct current, 38 

series, 43 
• shunt, 43 
Dynamo-electric exploder, 242 
Dynamometer, 87 



T7ARTH detector, 129 

Easton & Co., Erith, sinking pump 
by. 185 
Economical generation of electric power, 

86 
Efficiency of electric plant, 86, 68 
electro- motors, 68, 52 
plant, mechanical, 86 
pumping plant, 184 
secondary cells, 17 
Electric blasting, 238 
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Electric blasting, advantages of, 239 
cables, 131 
circuit, 2 

current, properties of, 3 
drills, 256 

Gardner's, 264 

Grant's, 259 

Jeffrey, 261 

percussive, 263 
haulage, 188 
locomotives, 196 
pick machines, 200 

Morgan-Gardner, 200 
plants working costs of, 1 56 
power, economy of, 1 53 

efficiency of generation, 86 
pumping plants, 1 78 
pumps, types of, 178 

direct-driven, 182 
safety lamps, 252 

Headland, 252 

Sussman, 252 
shot- firing in sinking pit, 248 

dynamo, description, 248 
signals, 236 
transmission, 273 
welding, 267 

Benardos or arc system, 268 

Thomson system, 268 
winding, 269 

Ilgner system, 270 
wiring, fittings, switches, and lamps, 

232 
E.C.C. alternator, 31 
E.C.C. dry cell, 17 
Electrical current, description of, 157 
measuring instruments, 126 
shock, treatment of, 296 
units, 5 
Electricity, atmospheric, i 
current of, 2 
dangers of, 280 
definition of, I 
dynamic, 27 
fiictional, i 



Electricity, meters, 129 

monophase, 34 

three-phase alternating, 36 

two-phase alternating, 34 
Electrolysis, 5 
Electro-magnet, 4 
Electro-motive force, 6 
Electro-motors, 48 

direct current, 48 

enclosed ventilated, 53, 7 1 
Electro- negative, 10 
Electro-positive, 10 
Enclosed switches, 120 
Enclosed type arc lamp, 230 
Endless rope system of haulage, 193 
Energy, electrical, unit of, 8 
Engines, compound, 81 

gas, 83 

high- or slow-speed, 82 

oil, 84 

single-cylinder, 81 

steam, 81 

vertical or horizontal, 83 
Erection of cables, 143 
Estimate of cost of electric station of 2,000 

h.p., 156 
Examination and repair of plant, facility 

for, 95 
Exciter, 32, 226 
Exploders, 240 

magneto-, 240 

rackbar, 243 

testing, 243 



pAULTS, detection of, 288 

measuring position of, 289 
* Faure ' secondary cell, 19, 21 
Feeder panels, 226 
Field, magnetic, 3, 30 
magnets, 30 

double magnetic circuit, 42 
single magnetic circuit, 42 
Fire-proof generator-house, 281 
motor-rooms, 281 
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Firing from lighting or power mains, 243 
Fleming's rule, 26 
Force, electro-motive, 6 

lines of, 3 
Foucault currents, 39 
Fraser & Chalmers, Erith, R'edler pumps 

of, 181 
Free magnetism, 4 
French thermal unit, 7 
Frictional electricity, I 
Fuel, burning of inferior, 78 
Full and light load, 88 
Fuses, &.C., 124, 282 

QALVANIC cell, 10 

Galvanometer, D'Arsonval, 289 
Garforth, W. E., referred to, 208, 212 
Gas, transmission of power by, 278 
Gas-engines, 83 
Gas-tight motors, 71 
Gauge, standard wire, 133 
Gearing of pumps, 180 

spur, 181 

worm, 180 
Gelsenkirchener Bergwerks-Aktiengesell- 

schaft, electric winding at, 270 
Generator-house, fire-proof, 281 
Generator-panel, 226 
Generators, 27 

multipolar, 42 

starting and stopping, 113 
Gillott & Copley coal-cutter, 208 
(flow lamps, 231 

Goodman chain breast machine, 217 
Grant's electric drill, 259 
Greenside Mine, Patterdale, electrical 
plant, 76 

water-power at, 76 
Gresley, particulars of results of electric 

coal-cutting machines, 216 
Gutermuth pump, 183 

IJ AULAGE, electric, 188 
calculations, 191 
endless rope system, 193 



Haulage, main and tail-rope system, 193 

single rope, 188 
Hauling drum, British Thomson-Houston 

electric, 190 
Hay's insulator, 149 
Headland electric safety lamp, 252 

secondary cell, 21 
Heat of conductors, dangers from, 176 
Heating effect of electric current, 5 

of cable, 165, 176 
Heckmondwike collieries, electric winding 

at, 269 
Heppell & Patterson's coal-cutter, 205 
High-pressure steam, 79 
High tension, economy of, 161 
High-tension concentric cable, cost of, 
161 

currents, 160, 173 

system, electric blasting, 240 
Holing by hand and machine, 201 
Horse-power, brake, 87 

indicated, 87 

lost in cable, 137, 162, 165 

transmitted by belts, 85 
double leather belts, 84 
ropes, 84 
Houghton Main Colliery, destructor at, 79 
Hurd coal-cutter, 201 
Hydraulic transmission of power, 277 



T LGNER system of winding, 270 

Incandescent lamps, 231 
Increasing the voltage, effect of, 167 

size of cable, reduction of cost by, 171 
Indicated horse-power, 87 
Indicator, steam engine, 87 
Induced currents, 27 
Induction motors, 53 
Inductors, 31 

Inferior fuel, burning of, 78 
Installations, colliery, 84 
Instruments, electrical measuring, 126 
Insulation of cables, 134 

resistance of, 295 
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Insulators, 145 
Hay's, 149 
Holliday*s, 145 
mushroom oil, 22 
oil, 145 
pit, 149 
single-shed, 145 



T EFFREY bar coal-cutter, 205 
chain machine, 215 
electric drill, 261 
longwall machine, 212 

Joule, 7 

effect, 7 

Joule's law, 7 

Junction-box, Davis's, 152 



I^APP, Gisbert, referred to, 38 
Kilowatt, 8 



T AG current, 47 

Lahmeyer motor, 54 
Lamps, arc, 230 

electric safety, 252 

incandescent, 231 
Laval, De, steam turbine, loi 

steam, consumption of, 105 

weight and dimensions, 105 
Leclanch^ agglomerate block, 14 

cell, 12 
Lee coal-cutter, 205 
Legal ohm, 6 

Lidgett Colliery, coal-cutters at, 207 
Lighting of oil safety-lamps by electricity, 

253 
or power mains, firing from, 243 

Rowlands-Gill, 226 
Lightning arresters, 123 

Thomson- Houston, 124 
Liquid switches, double pole, 120 
Load, full and light, 88 
Locomotives, electric, 196 
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Loss of power in transmission, 163 
of voltage in transmission, 162 

Low-tension current, advantage of, 160 
system, electric blasting, 239 



jyjAGNET, 3 

electro-, 4 
Magnetic cut-outs, 126 

field, 3, 30 
Magnetism, free, 4 
Magneto-exploders, 240 
Magnets, field, 30 

Main and tail rope system of haulage, 193 
Marvin electric drill, 263 
Maurice, William, on electric blasting, 

240 
Maycock's electric wiring, fittings, switches, 

and lamps, 232 
Measuring-instruments, electrical, 126 
Mechanical efficiency of plant, 86 
Megohm, 8 

Meldruni's refuse destructor, 79 
Metals, specific resistance of, 131 
Meters, electricity, 129 
Method of carrying cable down shaft, 145, 

221 
Methods of supporting .cable in shafts, 145 
Microhm, 8 
Middleton Colliery, coal-cutters at, 210 

method of supporting cable, 147 
Milliampere, 8 

Monophase electric currents, 34 
Morgan -Gardner pick coal-cutter, 200 
Motor, Lahmeyer, 54 
Motor-rooms, fire-proof, 281 
Motor-starting rheostats, 117 
Motors, alternating multiphase, 53, 57, 

67,75 
asynchronous, 53 

electro-, 48 

efficiency of, 52, 68 

generator, 27 

starting and stopping, x 1 3 

synchronous, 53 
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Multiphase electric currents, 34 
Multipolar generators, 42, 44, 
Multipole chamber centrifugal pump, 187 
Mushroom oil insulators, 22 



test of 1 



J^ ETTLEFOLDS, Limited, 

plant, 90 
Nobels referred to, 246 
North pole, 4 



Q BACH cell, 15 

Ohm, 6 
Ohm's Law, 8, 137 
Ohmmeter, 293 
Oil engines, 84 

insulators, 22, 145 

transmission of power by, 278 
Ovens, coke, beehive type, 78 

distilling type, 78 
Overhead wires, 175 



PARALLEL, 41 

method, arrangemer\t of wires for 
simultaneous blasting, 245 
Park Colliery, Garswood, endless rope 

haulage, 194 
Parsons* steam turbine, 96 

dynamos, installation at Ackton Hall 

Colliery, 100 
size and weight, 100 
steam consumption, 99 
Particulars of results of electric coal -cutting 

machines, 212, 216 
Percussive electric drills, 256, 263 
Periodicity, 29 
Permanent bar magnet, 3 
Plant, cost of working i,ooo>h.p. steam, 76 

mechanical efficiency of, 86 
Plants cell, 19 
Plants, central electric, 153 
tests of, 88 
typical, 9.21 



Polarisation, 11 

Polyphase, alternating current, 34 

haulage plants, 194, 229 

motors, 53 
Position of fault, 289 

measuring, 289 
Potential, 6 

difference, 6 
Power, steam, 78 

unit of electrical, 8 

water, 76 
Pressure, definition of unit of, 6 
Prevention of accidents due to short- 
circuiting, 286 
Priestman's Collieries, Limited, three-phase 
plant by Corlett Electrical Company, 226 
Primary cells, 9 
Protection of insulation, 134 
Protector Company, electric lighting of oil 

safety lamp, 254 
Pumping-plant, efficiency of, 184 

size of pumps required, 184 

centrifugal pumps, 185, 187 
Pumps, belt- and rope-driven, 183 

centrifugal, 185 

electric sinking, 185 

gearing of, 180 

Gutermuth, 183 

piston speed of, 180 

Kiedler, 181 

si/e of, required, 184 



J^ACKBAR exploder, 243 

Rectifier, 38 
Reduction of cost by increasing size of 

cable, 171 
Refuse destructor, Meldrum*s, 79 
Resistance, 2 

definition of unit of, 6 

of metals, 131 
Revolving bar coal-cutter, 201 
Rheostats, motor-starting, 117 
Riedler pump, 181 

express pump, 182 
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Ring-wound armature, 40 
Rock-drill, Gardner electric, 264 
Rods, transmission of power by, 275 
Rope-driven plant with high efficiency, 

93 
Ropes, horse-power transmitted by, 84 

transmission of power by, 275 
Rotary converters, 60 

electric drills, 256 
Rotor, 55, 58 
Rules for size of cable, 137, 166 

of pump, 184 



C AFETY lamps, electric, 252 

lighting of oil by electricity, 253 

test of, 253 
St. John's Colliery, method of supporting 

cables, 147 
Sandwell Park Colliery, endless-rope 

haulage, 194. 
Sandycroft motor starter, 117 
Scott & Mountain, tests of plants, 88 

interchangeability of pumps, 179 
Secondary cells, 17; D. P. , 20 ; Headland, 

21 
Self-induction, 47 

Series, arrangement for simultaneous 
blasting, 245 

dynamo, 27, 38 

system of electrical distribution, 108 

wound motors, starting of, 120 
Shaft, cost of putting cable in, 145 
Shafts, conductors in vertical, 145, 282 

suspension of cable in, 145 
Shop drills, 266 
Short-circuiting, 24 

prevention of accidents due to, 284 

with coal -cutting machines, 286 
Shunt dynamo, 43 

long, 44 

short, 44 

wound motors, starting of, 119 
Signal bells, 234 

electric, 234 



Simultaneous blasting, arrangement of 

wires for, 245 
Single -cylinder engines, 81 
Single-fluid cell, 9 
Single-phase alternating-current, 34 

motors, 53 
Single-rope haulage, 1 88 
Single-shed insulator, 145 
Sinking pit, electric shot-firing in, 248 
Sinking pumps, electric, 185 
Size of pumps required, 184 
Slip, 58 
Solenoid, 4 
South Durham Coal Company, test of 

plant, 92 
South pole, 4 

Spare plant in case of emergency, 95 
Sparking at switche , 120, 286 

of motors, 69 
Specific resistance of metals, 131 
Speed of pump, 180 

of turbine wheels, 103 

regulation of motors, 66 
Spur gearing, 180 
Stanley voltmeter, 127 
Stanley's coal-heading machine, 2i8' 
Stanton Colliery, Jeffrey chain machine at, 

215 
Starting and stopping generators, 113 

motors, 115 

series- wound motors, 120 

shunt-wound motors, 1 19 

torque of motors, 67 
Static transformers, 60 

cost of, 160 
Stator, 55, 58 
Steam consumption, De Laval turbine, 105 

Parsons steam turbine, 96 
Steam engine indicator, 87 

engines, 81 

high pressure, 79 

plant, cost of working 1,000 h.p., 76 

power, 78 

transmission, 273 

turbine, advantages of, 106 
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Steam turbine, Curtis, 105 
De Laval, loi 
Parsons, 96 
Storage cell, 17 
Strength of copper cables, 147 
Suspenders, cable, 143 
Sussman electric safety lamp, 252 
Switchboards, 116, 223, 226 
Switches, 120 

double-pole liquid, 121 

enclosed, 120 

single-pole liquid, 121 

sparking at, 286 
Synchronism, 64 
Synchronous motors, 53 



'pELEPHONES, 233 

Tensile tests of copper cable, 147 

Testing exploders, 243 

Tests of plants, 88 

Birkenhead Electricity Works, 88 

Nettlefolds, Limited, 90 

South Durham Coal Company, 92 

Tests of safety lamps, 253 

Therm, 7 

Thermal units, 7 

Thompson, Silvanus P., referred to, 4, 

38 

Thomson- Houston lightning arrester, 124 
Thomson system, electric welding, 268 
Three-phase electric motors, 53 
Three-phase plant, Corlett Electrical Com- 
pany, 225 
Three-throw pumps, 178 
Three-wire parallel system of electrical 

distribution, 109 
Three- wire system, 109, 171 
Torque, 50, 67 
Trailing cables, 219 
Tramway cars, motors on, 157 
Transformer, cost of static, 160 
Transformers, 59 

alternating current, 60 

continuous current, 60 



Transmission of power by compressed air, 
276 
by electricity, 279 
by gas and oil, 278 
by rods, 275 
by steam, 273 
by wire ropes, 275 
hydraulic, 277 
Trembler pattern electric Ixjlls, 234 
Tumbler switch, 242 
Turbine, Curtis, 105 

De Laval steam, loi 

consumption, 105 
dynamos, installatio at Ackton Hall, 

100 
Parsons steam, 96 

consumption, 99 
wheels, speed of, 103 
Two-fluid cell, 9 
Two-phase electric currents, 34 
four-wire system, 1 10 
three- wire system, no 
motors, 53, 57 
Two-wire parallel system of electrical dis- 
tribution, 108 
Typical electric plants recently erected, 221 



TJNIT current, 5 

of electrical energy, 8 
of power, 8 
of pressure, 6 
of quantity of electricity, 8 
thermal, 7 
Units, electrical, 5 

Utilisation of waste heat from coke ovens, 
78 



YERTICAL engines, 83 

Virtual voltage, 47 
Volt, 6 
Voltage, effect of increasing, 167 

for mines, 160 

loss of, 162 
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Voltaic cell, lo 
Voltmeters, 126 



^\YASTE heat, utilisation of, 78 
Water-power, 76 

plant, cost of, 76 
Watt, 8 

Wattmeter, 129 
Welding, electric, 267 
- Wicksteed's drill, 266 
Winding, electric, 154, 270 

Ilgner system, 270 
Wire gauge, standard, 133 t, 

/ - 



I 



Wires, arrangement of, for simultaneous 
blasting, 240 
parallel method, 240 
series method, 240 
orking costs of electric and steam plants, 

156, 175 
Workii^s, carrying cables in, 149 

Worm gear coal-cutter, 208 

gearing, 190 



YOUGHIOGHENY Coal Company, 
Pennsylvania, Jeffrey machines at, 
216 
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